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The Eclipse Range of tools includes:— 






Hack Saw Blades and Frames Sheet Saws P Surface Gauges 
Automatic Centre Punches . Scribers . Tap Wrenches . Pin Vices 
Pin Tongs . Angle Plates . Vee Blocks . Tool Bits & Tool Bit Holders 
Saw Sets . Coping Saws . Junior Saws . Piercing Saws . Fret Saws 
Jig Saw Blades . Trammel Heads . Instrument Vices . Pad Handles 
Permanent Magnets Magnetic Chucks and Magnetic Tools 


Made by James Neill & Co. (Sheffield) Ltd., and obtainable from all tool distributors 
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“You'll never find the equal 
of a genuine Jacobs chuck unless 
it’s another genuine Jacobs 
chuck. Your dealer can supply 
genuine Jacobs chucks in 


all sizes for light, medium or 


9) 


heavy duty. 





INSIST 
ON 
GENUINE 


JSacobs 





CHUCKS THE JACOBS MANUFACTURING COMPANY LTD - ARCHER ROAD SHEFFIELD 8 
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Pitman Books 


VARIATIONAL PRINCIPLES IN DYNAMICS AND QUANTUM THEORY 

By Wolfgang Yourgrau, Dr.Phil., and Stanley Mandelstam, Ph.D., etc. Second Edition 
This book is of particular value to students in their final year’s honours course in mathematical physics but it is of interest to physicists and 
mathematicians all over the world. In this second edition the book has been enlarged to include a new chapter on the Feynaan and Schwinger 
principles in quantum mechanics, and a paper by Wolfgang Yourgrau and C. J. G. Raw on variational principles and chemical reactions is 
included as a separate appendix. Price 32/6 net 


SURVEYING 

By A. Bannister, M.C., B.Sc., etc., and E. S. Raymond, B.Sc., etc. 

A new textbook for the examinations of the H.N.C. and Diploma in Civil and Structural Engineering and in Building; |.C.E. Part Il; 1.C.S.; 
Dip.Tech. and Degrees in Engineering. It provides a direct approach to the subject and covers modern instruments and techniques. Price 


45/- net. 
THE HEAT TREATMENT OF STEEL 
By Edwin Gregory, Ph.D., etc., and Eric N. Simons New and up-to-date Second Edition 


Covers every phase of the subject from principles to practice. It is very easy to read and explains what has to be done to different steels 
and why it is necessary. Recent developments are dealt with. Price 35/— net 

PRINCIPLES OF SERVOMECHANISMS 

By A. Tyers, A.M.Brit.I.R.E., and R. B. Miles 

The authors have written this book as a working aid for development and maintenance engineers. The book covers the functioning, performance, 
incorporation and setting up of these components. The electrical circuits are discussed in detail and the great quality of the work is that no 
mathematical knowledge beyond that of elementary trigonometry is required. Price 25/— net. 


ENCYCLOPEDIC DICTIONARY OF ELECTRONICS AND NUCLEAR ENGINEERING 

By Robert |. Sarbacher 

The first and only encyclopedic dictionary to include all terms, equipments, elements, components and systems. The outcome of 12 years’ 
meticulous research, it forms a massive, inexhaustible compilation of the latest scientific information in these rapidly changing and expanding 
subjects. To anyone wishing to keep up to date in the fields of electronics and nuclear engineering, this is an essential work. Price £8 net. 
STEAM TURBINE OPERATION 

By W. J. Kearton, D.Eng., M.I.Mech.E., etc. 


A standard guide to the practical work involved in the operation of steam turbines, including installation, running, maintenance, and testing. 
It also deals with certain aspects of the theory underlying their construction and functioning. Price 35/- net. 


, p i T MA N Sectan Ot. From all booksellers 
; Kingsway, London, W.C.2 
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A solid lubricant with an extremely high 
load-bearing capacity, i.e., up to 20 times the 
normal value, has been developed in the U.S.A. 
by the General Electric Company, and is based 
on the addition of various inorganic sulphides, 
particularly those of antimony, platinum, mer- 
cury, silver, titanium, and lead, to molybdenum 
disulphide and tungsten disulphide. In typical 
tests, these sulphides, which were added in 
quantities of approximately 10% by weight, 
appeared to produce iron sulphide when used to 
lubricate iron or steel surfaces, and this layer is 
believed to have better lubricating properties 
than the original metal and may _ interact 
advantageously with the lubricant itself. It is 
also of interest to note that studies carried out 
by General Electric indicate that chemical 
reactions between molybdenum disulphide and 
the surrounding atmosphere may have a 
significant effect on lubricating efficiency not 
previously appreciated. 


* * * 


The present trend towards the use of increased 
blast pressures has made it possible, according 
to an article in Sta/ for July 1960, to install in at 
least one Russian plant simpler and less costly 
gas-cleaning equipment than the electrostatic 
precipitators generally used. In this plant, the 
blast-furnace gas, after passing through a 
conventional dust-catcher and scrubber, enters a 
vertical Venturi-type atomizer, where jets of 
water are injected into the gas stream, the water 
with entrained dust particles being drained off 
lower down in the system. The semi-purified 
gas is then re-injected with water and passes 
through a special nozzle system and sludge 
separator for final cleaning. It is claimed that 
this system effects considerable savings in 
capital and running costs and that its efficiency 
is comparable with that of systems using 
electrostatic precipitators. 


* * * 


Because air dissolved in hydraulic fluids 
under pressure can be released as foam, cutting 
down performance, tests have been carried out 
in the U.S.A. by the Aeronautical Materials 
Laboratory in connection with the solubility of 
air in hydraulic fluids, using petroleum-base 
fluids and water-base fire-resistant fluids at 
various pressures and temperatures and over 
different periods. The results of these tests 
(reported briefly in Hydraulics & Pneumatics for 
August 1960) show that water-base fluids absorb 
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LONDON : Suite 418, Cayzer House, 2/4 St. Maly? man 
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Successful buyers are finding more and more that they can cut out unnecessary office routine, 

chasing, complications and costs, by using ONE 100% efficient supply source for their tool needs. 

This means Tools from Hallmac. Hallmac can supply Engineer’s Small Tools, Macrome Treated Tools 
and Hand & Power Tools from an immense and comprehensive stock; while their distribution and 
service network covers the whole country. To give you a fuller idea of how you can simplify 

your tool buying, and so win greater efficiency, may we send you the latest Hallmac 44 page 

stock list, now recognized as the foremost of its kind? 


IIT 


Mary : 


ad Office & De pot: P.O. Box No. 39, Macrome Road, Wolverhampton. Telephone 52001 (9 lines) 


MANCHESTER: 1 Lloyd Road, Manchester, 19 GLASGOW: Central Chambers, 11 Bothwell Street, C.2. 
Telephone Heaton Moor 3255. Telephone CENtral 5066. 
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more air than petroleum-base fluids. A 
dissolved-air content of from 2 to 8% can be 
expected during normal operating conditions 
with a water-base fluid, so that equipment should 
be designed for this 8% air content, plus a 
safety factor of 200°, for abnormal conditions. 
Petroleum-base fluids, with an expected content 
of 2% dissolved air, would still be operable in 
such a system. 





* * * 


Details of experimental investigations carried 
out in Japan at the Nagoya Institute of Tech- 
nology into the effects of anodic pretreatment on 
the quality of enamelled coatings on aluminium 
are reported in Yogyo Kyokai Shi for June, 1960. 
In these experiments, specimens of aluminium 
were first anodized in conventional baths, but 
containing from 2 to 3% of lithium borate, 
sodium or potassium borate, or sodium or 
potassium silicate, using a current density of 
from 0-5 to | A/dm2 at from 40 to 50 V, applied 
for periods between 5 and 10 min, after which 
the specimens were enamelled. The results of 
this investigation indicate that this anodizing 
treatment, particularly when lithium borate is 
used in the bath, increases the adherence of 
enamels, eliminates blistering, and considerably 
improves their lustre and colour. 


* * * 


A new flame-retardant industrial laminated 
plastic, especially recommended for printed- 
circuit and other electronic applications, has 
been developed by the Synthane Corporation, 
of Oaks, Pa. This material is a glass-base 
plastic with an epoxy-resin binder and is, in 
fact, the fourth in the recent series of flame- 
retardant plastics produced by the company 
and the third glass-base epoxy resin developed 
specifically for printed-circuit and _ general 
electronic component applications, possessing 
extremely high mechanical strength at room 
temperature, as well as good dielectric-loss and 
dielectric-breakdown properties under both dry 
and humid conditions. 


Claimed to be an original Russian develop- 
ment, a new specially coated high-speed welding 
electrode, designed to increase welding rates and 
to permit the use of higher current conditions, is 
described in Svarochnoye Proizvodstvo (No. 7, 
1960). The coating is stated to contain 8-70 °% 
quartz, 9-00 % haematite, 8-15 °% ferromanganese, 
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FAGTS AND FRICTION 


Look at the construction of a FLEX- 
HOISTA—6 strands each of 19 wires 
with an independent wire rope core, all 
perfectly assembled yet all working 
independently to give flexibility. 

They are continually subjected to both 
external and internal stresses and strains 
and to surface abrasion and pressure; 
these changes are taking place very 
rapidly when the rope is running. That 
is why it is so important to get the right 
rope for the job. 


FLEXHOISTA is made by a Company 
with close on a century of experience 
and service in ropes.* 


* For scheduled replacement, emergency 
or just honest advice about wire ropes 
call in Whitecross any time. 


FIT THE ROPE FIT FOR THE JOB - FIT 


> pH >P. @ = Co} €—¥ vw -% 


THE WHITECROSS COMPANY LIMITED 


WIRE ROPES 


WARRINGTON, ENGLAND. EST. 1864 
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than ever! 


The GKN Spark Machine 

is faster, more accurate, more versatile 
The GkN Spark Machine (Models B1 and B2) gives 
higher cutting rates, greater accuracy, and—on the B2 
machine —a wider range of surface finishes than ever 
before. 


It has all these outstanding features 
Both models have a co-ordinate slide movement for 
rapid electrode positioning; an accurate depth stop; 
a dial gauge to show forward movement; an alternative 
work-table for extra paraffin depth. 


Manufactured by 

WELSH METAL INDUSTRIES LTD 
Caerphilly, Glamorganshire 

Sales Agents U.K. 

M. C. Layton Limited 

Abbey Wharf Mount Pleasant, Alperton 
Wembley, Middx 

Rudkin & Riley Limited 

Cyprus Road, Aylestone, Leicester 


< CEMBER OF Typ 
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It is compact and economical 

The Gkn Spark Machine is well-made, sturdy and 
compact. All parts of it—work head, electrical equip- 
ment and paraffin system—are mounted in the same 
cabinet. Yet with all these advantages, installation and 
running costs are low. 


You should know more about it 

Whether you are engaged in forging, wire-drawing or 
press-tool making, the GKN Spark Machine is something 
you should know about. Write to our Sales Agents for 
the new brochure on:— 
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DESIGNED BY THE GKN GROUP 





RESEARCH LABORATORY 
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1-35°% starch, and 72-80% steel powder, these 
constituents being mixed with an additional 
22 to 25% of water-glass and | % cellulose, and 
it is claimed that this type of electrode not only 
produces welds of uniform structure and 
superior mechanical properties, but also in- 
creases productivity by 50%, reduces specific 
energy consumption by 30%, and effects a 
considerable saving in electrode materials. 


* * * 


As distinct from present electrolytic and 
chemical processes, a new process for the 
continuous production of niobium, under develop- 
ment by Battelle Memorial Institute, is based on 
fluidized-bed vapour deposition, in which hydro- 
gen at 1500°F is used to reduce the pentachloride 
of the metal, which is fed into a reactor chamber 
containing a fluidized bed of seed niobium, on 
which metallic niobium is deposited as a result 
of the reduction. The seed for the bed is 
replenished from the end-product itself, a 
portion of which is ground and recycled into the 
reactor. 


As reported briefly in Materials in Design 
Engineering for July 1960, a new process for the 
production of precision aluminium extrusions 
from powder-metallurgy slugs for high-tempera- 
ture service in the 800°F range has_ been 
developed by the Aluminium Co. of America. 
In this process, which is now beyond the 
experimental stage, a powder-metallurgy billet 
is pressed, sintered, and compacted, and is then 
extruded to produce bar stock which supplies 
the slug for impact extrusion. As a result, the 
upper operating temperature is boosted from 
the normal 500°F obtained with conventional 
impact operation to 800°F. 


* * * 


According to an article in the German 
journal Aluminium for July 1960, the forming of 
aluminium components with zinc dies has been 
successfully accomplished in a number of 
applications involving components made of 
aluminium sheet from 1-5 to 3 mm in thickness. 
It is true that the service life of these dies, which 
can themselves be cast in the conventional way, 
is very much shorter than that of deep-drawing 
Steel dies, but it is stated that their cost is 
substantially lower, making them especially 
suitable in the case of prototype work and short 
runs. 
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Mr. V. C. Price has been appointed a director of 
Sandvik Steel Band Conveyors Ltd. 


* * * 

British Insulated Callender’s Cables Ltd., of London, 
W.C.1, announce the appointment of Mr. J. Banks, 
M.Eng., M.I.E.E., as chief engineer of the Power Cables 
Division. 

* * ~ 


Mr. C. Dodd has been appointed press officer to the 
Cementation Group of Companies. 


It is announced by The Brightside Foundry & 





Engineering Co. Ltd., of Ecclesfield, Sheffield, that 
Mr. G. E. Robinson has been appointed general sales | 


manager, Mr. G. H. Lewis sales manager, foundry 
division, and Mr. T. Hessey technical sales manager. 


* * * 


Mr. R. Broughton has been appointed chief of the 
technical sales department of the Pulsometer Engineering 


Co. Ltd., incorporating Joseph Evans & Sons (Wolver- | 


hampton) Ltd., of Reading and London. 


* * * 


J. H. Fenner & Co. Ltd. announce that Mr. S. 
Parker has been appointed home sales manager of the 
company. 


* * * 


Mr. T. H. Cook, B.Sc.(Eng), M.I.E.E., has been 
appointed chief applications engineer of The Morgan 
Crucible Co. Ltd. 


*x *x Bg 


Mr. R. Bradley has joined Stanley Works (G.B.) Ltd., 
of Sheffield, as chief planning engineer and will be 
responsible for planning, work study, and design work on 
Stanley tools. 


* * * 


Following the resignation on medical advice of Sir 
Thomas Overy, Mr. D. A. F. Donald, chairman and 
managing director of the National Cash Register Co. 
Ltd., succeeds Sir Thomas as chairman of G. A. Harvey 
& Co. (London) Ltd. Sir Thomas Overy remains, 
however, a director of the company. 


* * « 


Mr. B. A. Gomm has been appointed general manager 
of F. Perkins (Australia) Pty. Ltd., of Dandenong, 
Australia, a subsidiary within the Perkins Group, of 
Peterborough. 


* . + 


As announced by The Mond Nickel Co. Ltd., and 
Henry Wiggin and Co. Ltd., Mr. G. Archer relinquishes 
his position as chairman and is now appointed president 
of both companies, while Mr. I. A. Bailey becomes 
chairman and chief officer of both companies. Dr. L. B. 
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a metric 





Rotameter?”’ 


Because it is a low cost high quality flowmeter 
that can be delivered from stock, can be adapted to 
meter different fluids, can be serviced from interchange- 
able stock parts, and which has a mounting designed 
to withstand rough industrial service. 
Metric Rotameters comprise sixteen sizes of tube 
accommodated in five sizes of frame to cover 
fiows up to 200 Litres |Minute of water or 2,000 
Litres’ Minute of air at N.T.P. Interchangeable 
floats of differing composition cater for all gases 
and liquids including corrosives. 
P.T.F.E. gland packings are available. 
Full information is given 
in leaflet ED.2020/27. 


ROTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 


ROTAMETER MANUFACTURING CO. LIMITED 
330 PURLEY WAY - CROYDON - SURREY 
Telephone: CROydon 3816 Telex: 24292 
M.27 
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THE HEWITT ROBINS 
EXTRA HEAVY DUTY 


— \WIRBRATANG feeder 








Show in ion ove are TWO 4 ' type E.9 4 10’ Grizzly Feeder operating in conjunction with portable stacker 
sich sacha ab YP Minus 12” limestone is dropped 10’ to 15’ from a 3 cubic yard 
ELIPTEX Vibrating Feeders handling 250 tons e ore per bucket straight on to the Manganese Stee! Feeder deck. The unit has 


hour been operating for six years, 10 hours per day at 350 tons per hour. 


Capacities up to 4,000 tons per hour are available with 

these rugged, fast, efficient units. 

Maximum efficiency is ensured by the exclusive Hewitt 

Robins twin eccentric shaft vibrator assembly controlling 

the forward movement of material along the pan. 

¥ ELIPTEX heavy duty feeders are further distinguished by: 

(A) heavy-duty construction 

(B) simplicity of design 

(C) low cost maintenance 

(D) reliable continuous operation under the most 
exacting site conditions 

These feeders are also available with non-plugging grizzly 

sections and Manganese steel liner plates. All units can be 





fitted with a variable feed device if required. 


=a STONE-WALLWORK LTD. 


=D NS: 7) 32 VICTORIA ST., LONDON, S.W.1. Phone: Abbey 7681. Grams: ‘‘Stonwalabb”’ Sowest. 


EY STONE WORKS: OLDHAM, LANCASHIRE 
Phat? 
92 


GROUP 





Also manufacturers of P.1.V. (Positive Infinitely Variable) Speed Chain Gears, Worm Reduction Gears, 
Piece Goods Stamping Machines and Light Alloy Bobbins for the Textile Trade. 
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PERSONAL 


Pfeil has been appointed vice-chairman of The Mond 
Nickel Co. Ltd., while Mr. J. O. Hitchcock has been 
appointed managing director of the company and 
deputy chairman of Henry Wiggin and Co. Ltd. Mr. 
H. W. G. Hignett has been appointed managing director 
of Henry Wiggin and Co. Ltd. 


* * * 


The Brockhouse Organization announce the retire- 
ment of Mr. W. Brunt from Brockhouse Castings Ltd. 
Mr. Brunt, who has been succeeded as general manager 
by Dr. J. Grieve, has been appointed a director of the 
company and will continue to be available in a consul- 
tative capacity. 


* * * 


Following the recent transfer of Mr. P. J. Daglish, 
formerly manager of the Aircraft Equipment Division of 
The English Electric Co. Ltd., to. D. Napier & Son Ltd., 
a subsidiary of English Electric, Mr. J. C. King, M.Sc. 
(Eng.), A.M.I.Mech.E., A.F.R.Ae.S., has been appointed 
manager of the division. Mr. J. C. Rivett, B.Sc. (Eng.), 
M.I.E.E., who has been chief engineer of the division 
since 1955, is now its deputy manager. 


* * * 


It is announced by The British Steel Castings Research 
Association, of Sheffield, that, consequent to the resigna- 
tion of Mr. J. Bolton, secretary for the past six years, to 
take up his appointment as director and secretary of the 
British Steel Founders’ Association, Mr. E. R. Smith, 
who has been in charge of the Accounts Department of 
B.S.C.R.A., is succeeding Mr. Bolton as company 
secretary. In addition, Mr. C. M. Stoch, Dipl. Eng., 
F.I.M., has been appointed assistant director of research, 
Mr. K. Knaggs, B.Sc., deputy head of the Association’s 
Steelmaking Section for the past two years, has been 
appointed head of the section, and Miss C. M. G. 
McBroon, B.A., hitherto private secretary to the director 
(Dr. A. H. Sully), has been appointed technical secretary. 


* * * 


Fairey Engineering Limited announce that Mr. G. C. 
Roberts has been appointed commercial director of the 
company. 


*x * * 


Mr. J. F. L. Ludgate, Assoc. I.N.A., has been 
appointed assistant sales manager of Tufnol Ltd., of 
Perry Barr, Birmingham, while Mr. J. W. Woolley has 
been appointed northern-area branch manager of the 
company. 


* « “ 


Mr. A. Ratcliffe, M.1I.C.E., M.i.Mech.E., has been 
appointed a director of the Metals Division of Imperial 
Chemical Industries Ltd. and also a joint managing 
delegate director of Marston Excelsior Ltd., an I.C.I. 
subsidiary company, succeeding Mr. W._ Robson, 
M.1.Mech.E., who has retired. Mr. Ratcliffe will also 
join the board of another subsidiary company, Lightning 
Fasteners Ltd. 
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ISOMANTLES 





for Pilot Plant 


and Process Vessels- 











Isopanels on 7 ton 
storage tank 


of synthetic resins, paints, 





For vessels from 5-gallon 
to 2,000-gallon capacity, 
the Isomantle — electric 
surface heater has proved 
the ideal heating method. 
Isomantles are clean, ac- 
curate and. efficient in 
production and_ handling 
chemicals, etc. Providing 


trouble-free heating to any required temperature either 
resistance or M.F. induction, standard or flameproof. 


Can our specialised know- 
ledge of many varied 
heating problems be of 
service to you? Do ask for 
advice and latest literature. 


Illustration depicts 
Isomantles on 5- 
gallon Pilot vessel 
and 100-gallon_ pro- 
duction unit 


ISOPAD LTD 
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ISOTAPES straight traced 
or spiralled on pipe lines 
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BOREHAM WOOD, HERTS! 
Telephone : ELStree 2817/3 
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Best quality steel castings have many 
applications which offer certain econ- 
omical advantages over other 
2 production methods. Before final- 
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CONTRACTS 


Stone-Wallwork Ltd., a member of the Stone-Platt 
Group, have secured a contract worth over £100,000 for 
the supply of foundry equipment to Czechoslovakia, 
including fully automatic moulding, core-making, and 
shake-out machinery, to be installed in new tractor and 
automobile foundries in 1961 and 1962. 


* * + 


Buell Ltd., of London, S.W.1, a subsidiary of Edgar 
Allen & Co. Ltd., of Sheffield, have received an order 
for the erection of three Buell vertical turbo-dryers, each 
with an output of 94 tons per hour of china clay. The 
three dryers will be installed at three different sites in the 
Cornish area, and the first should be in operation by 
March, 1961. The total value of the order is about 
£100,000. 

In addition, Buell Ltd., have obtained an order, 
valued at more than £200,000, from the Lancashire Steel 
Manufacturing Co. Ltd., for the supply of Buell drying 
plant, complete with Bluell high-efficiency dust collectors 
and other ancillary equipment. This plant will handle 
225 tons per hour of wet Northants ore, containing an 
average moisture not exceeding 18°, to be dried to a 
final moisture content of not more than 12°,. 


* * * 


An order worth £200,000 has been placed with 
Honeywell Controls Ltd., of Greenford, Middlesex, 
covering instrumentation for a Russian chemical works 
This £2,000,000 plant is being built by Vickers-Armstrongs 
(Engineers) Limited to the design of Zimmer’s, of 
Frankfurt, chemical process engineers, and will produce 
chemicals used in the making of nylon. The new 
Honeywell sub-contract includes a 100-ft semi-graphic 
control panel containing full-size electronic and miniature 
pneumatic instruments for controlling temperature, 
liquid level, pressure, and flow, covering 70 temperature 
control loops, 30 level loops, 30 differential-pressure 
loops, and 50 flow and blending loops. 


x * * 


Hancock & Co. (Engineers) Ltd., of Croydon, one 
of the G. D. Peters Group, have received from the 
U.S.A. orders valued at approximately £30,000 for 
oxygen cutting machinery. These orders have been 
placed for a number of American companies by the 
Linde Co. division of the Union Carbide Corporation of 
the U.S.A., with whom Hancock recently entered into an 
agreement for the sale of their machines in America and 
the exchange of technical information. 


* * * 


Following the recent order from Russia for synthetic- 
fibre machinery to the value of £700,000, Platt Bros. 
(Sales) Ltd., announce that they have now secured a 
further contract from the U.S.S.R., totalling approxi- 
mately £1,750,000, covering worsted-spinning plant to be 
supplied by Prince-Smith & Stells Ltd., of Keighley, an 
associate company of Platt, as well as worsted-finishing 
machinery and cotton-spinning machinery units, including 
combers. 
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A contract, valued at £252,000, for the reconstruction 
of colliery buildings and installations for the National 
Coal Board at Shirebrook colliery, Yorkshire, has been 
awarded to J. L. Kier & Co. Ltd. In addition, the same 
company, in association with Film Cooling Towers (1925) 
Ltd., have been awarded a £550,000 contract for the 
construction of three large natural-draught cooling towers 
at the Richborough, Kent, power station. 


* * 


The U.S. Department of the Interior has awarded the 
English Electric Export & Trading Co. Ltd., a contract, 
valued at some £275,000, for two 85,000-hp Francis 
water turbines for the Bureau of Reclamation’s Trinity 
power plant, near Lewiston, California. These vertical- 
shaft Francis turbines will be of a special design having 
two interchangeable runners, one of which will operate 
at a head of 426 ft with an output of 85,000 hp, and the 
other at a head of 334 ft with an output of 70,000 hp 
This arrangement has been specified because of consider- 
able seasonal changes in the level of the water in the 
storage reservoir of the station, the use of interchangeable 
runners making it possible to operate the plant more 
efficiently. 


* 


Solartron Laboratory Instruments Ltd., of Chessing- 
ton, Surrey, a subsidiary of the Solartron Electronic 
Group Ltd., of Farnborough, Hants., have received 
contracts totalling £250,000 for the supply of Solartron 
double-beam, precision measuring, and general-purpose 
oscilloscopes to the Admiralty and Ministry of Aviation 
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Recently Published 


PRACTICAL MANUAL 
OF INDUSTRIAL FINISHES 
FOR WOOD AND METAL 
B. M. LETSKY 
Ilustrated— 35s. net 
A MANUAL OF 
FOUNDRY PRACTICE 
FOR CAST IRON 
J. LAING & R. T. ROLFI 


Third Edition—Revised and Enlarged 
Illustrated 


PRACTICAL DESIGN 
OF SHEET METAL 


SOs. net 


F. STRASSER 


Ilustrated—SOs. net 
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These steels are all dimensionally stable on heat-treatment, the least 
movement being experienced with the air-hardening grades—Super C.12 
and 5:CC. 

Super C.12 and CD qualities are recommended for long production 
runs, but for smaller numbers off the MIC series will be found satis- 
factory; 5 CC is intermediate between these two basic types in wear 
resistance but possesses superior toughness. 

MIC.8 quality contains free GRAPHITE which improves its machin- 
ability considerably and imparts self-lubricating properties, thus making 
it ideally suitable for applications where seizing or galling is a problem, 
such as the pressing and stamping of stainless steels and other 
difficult materials. 





ENGLISH STEEL 


ROLLING MILLS CORPORATION LTD 


Openshaw Manchester 


TOOL STEEL MANUFACTURERS FOR THE VICKERS GROUP OF COMPANIES 
London Stockist: Thos. P. Headland Ltd., 10 Melon Road, S.E.15. Phone: New Cross 4300 
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BUSINESS NOTES 


FOQAUAAUEUODAUAUODOGEDOOSUEUOQOAOGOOUONOOGOUEOOGEOEOOGEOOOOOOAEOUOOGOOCONOOOONT 


In view of the heavy commitments of Furnival & Co. 
Ltd., of Stockport, Cheshire, in connection with the 
manufacture of guillotines, it has been decided that 
*‘Andantex” reduction units will in future be manu- 
factured and sold by an independent organization, i.e., 
Andantex Limited, Andantex House, Tamworth Street, 
Higher Openshaw, Manchester 11 (Tel.: East 1030). 


* * *x 


A new company, the D. A. Stuart Oil Co. (G.B.) 
Ltd., has been formed at 11a Albermarle Street, London, 
W.1 as a wholly owned subsidiary of the Amber Group of 
companies to market in the U.K. the range of metal- 
working lubricants produced by the D. A. Stuart Oil Co. 
Ltd., of Chicago and Toronto. The sales director of the 
new company is Mr. R. F. Middleton. 


* * * 


As a result of an internal re-organization, the range of 
instrument components manufactured by Kelvin & 
Hughes Ltd., is now being marketed by the Industrial 
Division of S. Smith & Sons (England) Ltd. All matters 
relating to these components should therefore be 
addressed to Smiths Industrial Division, Components 
Section, New North Road, Barkingside, Ilford, Essex. 


* * * 


Malcolm & Allan (London) Ltd. and Cable Jointers 
Ltd., both members of the Metal Industries Group, have 
amalgamated under one management and are now 
operating from 229 High Street, Acton, London, W.3 
(Tel.: ACOrn 7811). Mr. E. J. Daws is now managing 
director of the two companies, which still retain their 
own names and serve their own particular branches of 
industry in the fields of electrical contracts, cable-jointing, 
wiring, overhead lines, and complete industrial schemes. 


* * * 


For administrative reasons, Jarrow Metal Industries 
Ltd., a subsidiary of Armstrong Whitworth (Metal 
Industries) Ltd., has ceased to exist. However, the steel 
foundry at Jarrow will continue to operate under the 
name of the parent company (Armstrong Whitworth 
(Metal Industries) Ltd., Western Road Works, Jarrow, 
Co. Durham), and production and personnel are 
unaffected. 


Dowty Group Ltd., of Cheltenham, announce that 
they have acquired a company in Coventry, i.e., Designex 
(Coventry) Ltd., who specialize in the design and manu- 
facture of multi-spindle tooling and _ special-purpose 
equipment. 


* * * 


A new Hydro-electric Division within the English 
Electric Company, Ltd., has been formed to combine all 
aspects of the company’s hydro-electrical engineering at 
their Netherton Works, near Liverpool. The new 
division is responsible for the commercial, engineering, 
and manufacturing operations connected with hydro- 
electric installations, including the design and manufac- 
ture of water turbines and alternators, large valves, and 
other ancillary equipment. 


* * * 


It is announced by Wickman Ltd. that, under an 
agreement with Ateliers des Charmilles, S.A., of Geneva, 
they have assumed the sole selling agency in the U.K. for 
the “Eleroda’” Model D.1 electro-erosion machine, 
thereby complementing the present range of “Erodo- 
matic’’ machines manufactured by the company. 


* + * 


F. J. Edwards Ltd., of Edwards House, 359-361 
Euston Road, London, N.W.1, announce that their 
London telephone number has now been changed to 
EUSton 5000, and that their Telex number is 24264. 


* + * 


Under the terms of an agreement recently drawn up 
with The Bingham Pump Company, of Portland, Oregon, 
pumps to the design of the American company are to be 
manufactured and marketed by the Foundries Division, 
Penistone, South Yorkshire, of David Brown Industries 
Ltd. The pumps concerned are of the double-volute, 
horizontal, single-stage centrifugal type, and the British 
company’s market will embrace the whole of the Eastern 
hemisphere, with the exception of Australia, New Zealand, 
and part of Japan. 


* * * 


It is announced by Charles Churchill & Co. Ltd., of 
South Yardley, Birmingham, that they have acquired 
control of Newcast Foundries Ltd., of Newcastle-under- 
Lyme, Staffs, who have been suppliers of high-quality 
castings to the Churchill Group for many years. The 
sales policy of Newcast Foundries as a member of the 
Churchill Group will remain unchanged. 








‘‘RUBERT’’ Surface Roughness Scales 


Provide a reference of calibrated Surface Roughness for comparison 
of machined surfaces by sight and touch, and fulfil the need for 
a simple, dependable standard for visualizing, selecting and specifying 
surface conditions for production work. 


We supply complete sets and single standards for special requirements 
to B.S.S.1134 : 1950, and B.S.S.2634/1 : 1955. Accuracy 10% or 20%. 


RUBERT & CO. LTD. 


Telephone: Gatley 5855 


Acru Works, Demmings Road, 
Councillor Lane, Cheadle, Cheshire 


——_— 





THE ENGINEERS’ DIGEST 








“OF ELEMENTS IS THE BASIS OF STEEL— 


FUSION OF KNOWLEDGE IS THE BASIS OF 
PABERIGATL 


To-day’s demand for high quality steel fabricat 
imposed a heavy load on the talent and pre 
available. Lomount’s policy is to eliminate frustr, 
delivering to a realistic date or declining to att 
impossible. 


Standards of workmanship and price are compatib 
popular demand, and courteous interest is the 
of their dealings. 


An inquiry for one off or many will bring ra 
earnest response. 


Try it some time . 


hee, frm with a flat 


LOMOU 


VEHICLES & ENGINEERING 


Sackville House, 40 Piccadilly, London, W.1. 
REG 2112/6 
Works: COLNBROOK, SLOUGH, BUCKS. 
Colnbrook 2676 








NEWS ROUND-UP 


The British Electronic Computer Exhibition 


It is announced by the Joint Committee of the 
Electronic Engineering Association and the Office 
Appliance and Business Equipment Trades Association 
that, following the success of the first exhibition held in 
1958, a second Electronic Computer Exhibition will be 
held at Olympia, London, between October 4 and 12, 
1961, and that a second Business Computer Symposium 
will be held concurrently. As before, the objects of the 
exhibition and symposium will be to interest home and 
Overseas users of computers and data-processing 
systems, as well as potential users, and to demonstrate 
the recent considerable progress made in Great Britain 
in the design, manufacture, and use of computers. In 
this connection, it should be mentioned that, since the 
first exhibition, much new equipment has been announced. 
and there has been a considerable increase in the produc- 
tion and sale of British computers to government 
departments, local government authorities, industry, 
commerce, and university and research establishments in 
the U.K. In addition, export sales have become more 
pronounced, and their value since the first exhibition is 
estimated at £1,750,000. 

The organizer of the exhibition is Mrs. S. S. Elliott, 
M.B.E., 64 Cannon Street, London, E.C.4. 


The World’s Largest Power Transformer 


Only ten years ago, a 145,000-k VA transformer built 
by the Westinghouse Electric Corporation for the 
Detroit Edison Company in Michigan was considered 
the largest that could be constructed and shipped with the 
facilities and materials then available. Since then, much 
larger transformers have been built, the largest now in 
operation, also constructed by Westinghouse, having a 
capacity of 400,000 kVA. 

It is now reported, however, that Westinghouse are to 
build the largest power transformer in the world. The 
new transformer, which will weigh approximately 300 
tons and will measure 244 ft high, 26 ft long, and 20 ft 
deep, will be rated at 600,000 kVA and will raise the 
generated voltage from 20,000 to 138,000 V, so that 
power can be transmitted economically to the load 
centre. The transformer will be built at the new 
Westinghouse plant under construction in Muncie, 
Indiana. Production is expected to start in 1961, and 
delivery to a midwest utility company should be effected 
in June, 1962. 


New Headquarters Offices of English Electric 


Occupying the former site of the Gaiety Theatre in 
the Strand, and including Marconi House, the new 
London headquarters offices of The English Electric 
Group of companies are now completed. The new 
building will be called English Electric House, and 
Marconi House will now be known as the Marconi 
Wing. The main-entrance facade of the new building is 
Opposite the approach to Waterloo Bridge, and two 
wings extend from it, 90 ft along the Strand and 120 ft 
along Aldwych, joining with the Marconi Wing to enclose 
a central courtyard. 

The doors of the main-entrance facade are of deeply 
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HYDRAULIC CIRCUITS § 


can be bought 
in a package! 


THE ARMSTRONG 
HYDRAULIC ACTUATOR 


enables you to install first-class hydraulic 
circuits in the easiest and most economical 





way in the world, ; 

You can select a combination of the 
various types of Armstrong Actuator units 
to suit your individual requirements 
Efficient assembly requires only elemen- 
tary engineering knowledge; simple in- 
structions are provided and stock em- 
bodiment items supplied : 
An Armstrong Actuator does away with 
the need for heavy or complicated link- 
ages and gives none of the troubles that 
tend to crop up with links, levers or 
cams. Once installed and charged it 
will function for as long as the machine 
or structure in which it is embodied 

This bold new 


control — has 


smoothly and efficiently. 

conception of hydraulic 
behind it the vast experience gained by 
the Armstrong Patents (Company 


Limited of Beverley They alone. 
because of their unique position in the 
field of hydraulic engineering are able 
to offer Actuators of this quality at the 
price. 

Armstrong “ Off-the-Shelf’? Actuators 
and Pump units—manually or power 
operated—put so many possibilities “with- 
in your reach” that early investigation 


is advised. Ask for leaflet APL 51/18. 


ARMSTRONG PATENTS CO. LTD 


EASTGATE, BEVERLEY, YORKS 
Tel. Beverley 82212 





MAKERS OF THE WORLD 


FAMOUS ARMSTRONG 
A-1 


HYDRAULIC SHOCK ABSORBERS 
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The new Holroyd 33” centres Worm Speed Reducer 


will in future take its place between the present 3 
and 4” sizes in our standard range of gear boxes. Its 
purpose is to fill the rather wide gap in power capacity 
which previously existed between the 3° and 4” sizes. 
Thus it will give you more latitude in choice of 
reducers and greater economy in those many 
instances where it happens to suit the power require- 
ments of your application. It is built to the same high 
standards as all the other gear boxes in our range. 


Please write for details. 
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Say Holroyd first for 


worm gears and gear units 
John Holroyd & Co. Ltd., Milnrow, Lancs. 
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cut panelled steel, and on either side above them are two 
bronze figures by Sir Charles Wheeler, President of the 
Royal Academy. The figures, 18 ft in height, are 
representational of “Power” (a human figure holding a 
lion) and of “Speed” (a human figure carrying an eagle). 
The figures are covered in aluminium leaf and each 
weighs approximately three tons. The stainless-steel 
doors and the central feature reach 80 ft up from the 
pavement to the canopy. At night, this facade is trans- 
formed into a silvery column, patterned in light and 
shadow by concealed flood-lighting and accentuating 
the mast and roof 150 ft up. The plate-glass doors 
leading into the entrance hall are opened and shut 
automatically by an electronic “eye”. In the main hall 
are four Otis passenger lifts, which are electronically 
controlled and can be “programmed” to suit the varying 
flow of passenger traffic during the day. 

The building, including the Marconi Wing, provides 
a total floor area of some 200,000 sq ft, and from lower 
basement to roof contains 14 floors. The height of the 
building from pavement level to the observation-room 
roof on the tenth floor is 118 feet. On the roof is a 35-ft 
mast, on which all types of aerial can be mounted. The 
building is faced in Portland stone, treated with silicones 
to eliminate cleaning costs, and the window casements 
throughout are in aluminium alloy. Double casements 
are provided up to the fourth-floor level to reduce traffic 
noise. The famous “Angel”, taken from the dome of the 
Gaiety Theatre, has been restored and silvered and stands 
in the centre of a fountain in a paved courtyard garden. 

Technically, the building is the most modern in the 
country, and one of the first in which there is scientific 
control for main services. Plant for the electric heating 
system, a substation for the electricity supply, and the 
air-conditioning and ventilation systems are housed in 
the lower basement. All the services are automatically 
monitored and are controlled from one console. The 
basement is almost exclusively used as a garage, with an 
entrance ramp at street level on the Aldwych side. A 
service entrance joins English Electric House with the 
existing kitchens of the Marconi Wing. Next to the 
garage entrance is a turntable for delivery vans. 

The completed building has office accommodation 
for 750 staff, with conference rooms and cloakrooms on 
each floor, and the boardroom suite on the third floor. 
A fully automatic telephone system and switchboard 
serves the whole building (there are only two similar 
telephone systems in Britain). Air-conditioning is 
provided in all offices up to the fourth-floor level, and 
central heating by embedded panels throughout the 
building. On the tenth floor of the building is the 
observation room, with a plate-glass window along the 
entire length of one wall. This room is equipped with 
power-supply and cable ducting and can be connected to 
television receivers at any point in the building or with 
the national networks. It will mainly be used as a 
demonstration room for Marconi International Marine 
equipment. 


Symposia on Fluid Flow and Martensite 

The technical sessions at this year’s autumn general 
meeting of The Iron and Steel Institute will consist of 
two short symposia, covering two of the wide range of 
interests of the Institute’s activities. The meeting will be 
held at Church House, Great Smith Street, London, 
S.W.1, on November 29 and 30, 1960. 

“Fluid Flow in Furnaces and Converters” is the 
subject of the first symposium, which is devoted to the 
aerodynamic and hydrodynamic aspects of the design of 
furnaces and converters in use in iron- and steel-works. 
Papers from France, Germany, the Netherlands, Russia, 
and the U.S.A., as well as from Great Britain, will deal 
with the application of aerodynamic and hydrodynamic 
principles to the design of open-hearth furnaces, soaking 
pits, and oxygen-blown converters. 

The second symposium caters for the physical 
metallurgist, its subject being martensite and consisting 
of three sessions, devoted respectively to the structure, 
kinetics, and properties of martensite, The discussion 
will be based on a series of key papers from university 
and industrial laboratories in the U.K. working on this 
subject. 





Classified Advertisements 





The rate for all classified advertisements is 9d. per word: in bold 
print \s. per word: minimum order 10s. Box-number advertisements 
ls. extra. Semi-displayed advertisements on this page 60s. per single 
column inch. Instructions, together with remittance. must be received 
not later than the \st of each month for advertisements to appear in the 
same month's issue. 


SITUATIONS VACANT 


NATIONAL INSTITUTE FOR RESEARCH IN DATRYING 
(UNIVERSITY OF READING) 
SENIOR TESTING OFFICER 
A Senior Testing Officer is required to take charge of a section in 
the Engineering Department. The work of this section is mainly 
concerned with the performance testing of dairy machinery and 
equipment but also includes scientific and technologica! experimenta- 
tion in this field. The present staff includes four Testing Officers, and 
the laboratories are well equipped for the work involved 
Candidates should have an honours engineering degree with 
substantial post-graduate experience. Knowledge of the dairy industry 
would be an advantage but is not essential. Salary £1,600 p.a. in 
scale rising to £2,325, with F.S.S.U. superannuation benefits 
Applications, including full details of age, education and experience 
should be sent to the Secretary, N.I.R.D., Shinfield, Berks, quoting 
reference 60/14. 


FOR SALE 


ROBERTSON 7-STAGE SECTION FORMING MACHINE 
with additional curving unit. Specially suitable for profiling and 
beading stainless steel sections. Drive is by 20 h.p. motor through 
3-speed gearbox. Diameter of roller shafts, 2 in. Length of shafts 
available for forming rollers 84 in. Rolling speeds with 6-in. 
diameter rollers, 40. 80 and 120 ft. per minute. Weight about 
114 tons. Full details and illustrations from F. J. Edwards Ltd., 
359-361, Euston Road, London, N.W.1, or 41, Water Street, 
Birmingham 3. 
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The skill needed to send a fly skimming 
through the air and land just in the right 
place is only acquired with experience and 
practice. The art of making good 

castings is equally a matter of skill 

and precision. We are specialists 

in the manufacture of manganese 

and aluminium bronze castings. 


We manufacture and stock large 
Quantities of Chill Cast Solid and 
Cored Bars, supplied in 2ft. 
lengths or cut to customers’ re- 
quirements—no order too small 
to merit our attention. 
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LATEST INDUSTRIAL LITERATURE 


QUUDUNUADUA OED EES EUGOCQOOUEOOECEETEUORESOCSEUOEOTOT TED TOEAEEOEOOEEADEAEOEUGEE 
1. Welding Alloys 


An illustrated 66-page handbook serves as a useful 
guide to the development and current applications of a 
wide range of welding alloys and fluxes used in repair- 
welding operations and maintenance work. Chapters 
are included on welding procedure and weld preparation, 
as well as the selection of alloys and fluxes, and a design- 
data section ts also incorporated. 


2. Clutches 

The range of clutches described in a_ 130-page 
catalogue includes slip, overload, electromagnetic, 
air-pressure and oil-pressure shifted multi-disc clutches, 
air-actuated disc brakes, and single- and twin-disc 
clutches with turbo-cooling. Details are also presented 
of numerous accessories, including shifting gear, electric 
valves, drive spiders, friction linings, etc. Comprehensive 
data on clutch-lubricating oils, and on fits, bores, and 
keyways are given, as well as recommendations for the 
selection of clutches for various applications. 


Multi-V Rope Drives 

Details are presented in an illustrated 8-page brochure 
of a range of multi-V rope drives which transmit more 
power in less space than conventional V-rope drives and 
make it possible to reduce the number of ropes required 
by as much as 40° In addition, the drives permit the 
employment of smaller pulley diameters and face widths 
with shorter centre distances, thereby reducing the 
weight of the whole drive. 


4. Diecasting Design 


An illustrated 32-page handbook presents information 
on the basic snide of diecasting design and contains 
recommendations for engineers and designers on the 
selection of materials or processes for various die- 
castings. Numerous examples are included to illustrate 
the best possible means of saving cost by reducing the 
weight of diecastings, by simplifying the design of the 
components, and ensuring simplicity of core movements. 


Scaling Equipment 

Eminently suitable for removing scale from evapora- 
tors, condensers, superheaters, economizers, tanks, and 
general metalwork, a wide range of scaling equipment is 
presented in an illustrated 24-page brochure. The units 
include multi-speed and multi-drive sets, pneumatic 
piston-type hammers, and air rotary scaling motors, with 
numerous attachments, such as flexible drives, adaptors, 
scaling heads, and rotary brushes. 
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6. Light Alloys 

A 24-page catalogue serves as a useful guide for the 
selection and multifarious uses of a range of light alloys, 
including aluminium alloys, magnesium alloys, mag- 
nesium-zirconium alloys, magnesium-zirconium-thorium 
alloys, and magnesium-silver-rare earth alloys. The data 
tabulated list the mechanical and physical properties, 
details of heat-treatment and composition, as well as 
recommendations for the application of the alloys. In 
addition, particulars are given of precision-moulded 
castings in aluminium and magnesium alloys and of cast- 
iron cylinder blocks and cylinder heads. 


7. Machine-Tool Drives 


Providing essential information for the selection of a 
suitable drive for individual machine tools or for groups 
of machines, a well-produced 80-page catalogue describes 
a wide range of electrical and electronic equipment used 
in machine tool drives and control systems. Selected 
applications of the equipment include power presses, 
vertical turning and boring machines, lathes, wood- 
working machines, etc. Illustrative examples are also 
given of machine tools using automatic cycles, such as a 
high-speed cold-sawing machine, a special crank-gi ishing 
machine, and a three-spindle plano-miller with fully- 
automatic cycle. 


8. Gland Packings 

Particulars are contained in an illustrated 58-page 
catalogue of a wide range of gland packings suitable for 
sealing acids, alkalis, air and non-corrosive gases, oils, 
organic solvents, water, steam, etc. Information is also 
given on packing materials and assemblies, as well as on 
sheet jointing for use with superheated steam and most 
gases and chemical solutions handled at high pressures 


9. Self-Lubricating Bearings 


An illustrated 32-page brochure contains details of a 
wide range of self-lubricating bearings, including pillow 
blocks and flange, cartridge, hanger, and pressed-flange 
bearing units for light to medium duties. The bearings, 
which are charged with sufficient lubricant to last their 
whole working life, require no attention whatever and are 
ideal for use where dirt, dust, grit, or ashes surround the 
units. 


10. Aluminium and Aluminium Alloys 

An_ illustrated 70-page catalogue describes the 
mechanical properties, chemical composition, and heat- 
treatment of a range of commercially-pure aluminium 
and aluminium alloys. The commercially-pure alu- 
minium of the range is ideal for such applications as 
fully-supported roofs and flashings and for processing by 
impact extrusion, spinning, and pressing. The non-heat- 
treatable alloys are recommended for marine applications, 
for welded constructions, and for building sheets, and 
the heat-treatable alloys for extrusion into complex 
shapes and for electrical and industrial applications. 


11. Centre Lathes 

A high-speed headstock with profile-ground gears, a 
quick-change gearbox giving forty threads and feeds, 
inverted-vee slideways, and a safety coupling on feed- 
shaft are some of the salient features of the 74-in. and 
84-in. centre lathes described in a 12-page brochure. A 
supplementary 8-page brochure presents a 15-in. and an 
18-in. heavy-duty centre lathe, which can be fitted witha 
hydraulic copying or profiling attachment and with such 
optional extras as automatic feed-trip mechanism and 
taper-turning and heavy-duty precision-grinding 
attachments. 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fluids that are water-repeiient 
and retain good dielectric characteristics over a wide range of temperatures — that 
resist oxidation—have low volatility and show little change in viscosity with temperature 
—are ideally suitable for use in damping mechanisms—as heat transfer media—and for use 
in hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES. 


Remember — Midiand Silicones Ltd. have consistently set the pace for British progress in this fast 
developing field. Remember, too, that — while silicones Cost more initially, this extra Outlay is more than 
offset in terms of greater efficiency and long term economy. 


(1S) MIDLAND SILICONES LTD 
( Associated with Albright & Wilson Ltd and Dow Corning Corporation) 
first in British Silicones 
68 KNIGHTSBRIDGE - LONDON - SW1_ TEL: KNIGHTSBRIDGE 7801 


Area Sales Offices : Birmingham +: Glasgow « Leeds - London + Manchester + Agents in many countries 


eeeeveeeeere7e ete eeeeeeeeeeee @ 
The full range of MS silicone fluids is NAME 
described in detail in our new ‘Engineering COMPANY 


Guide to MS SILICONE FLUIDS.’ Just ADDRESS 


complete the coupon and we'll be glad to 
send you a copy. 
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Fenner S)e37\37 Wedge-Belt Drives are 
Slimmer, Lighter, Shorter, Cheaper 


@ Width and weight now reduced by a half, and cost by at least a fifth, without 
loss of strength or durability. 

@ Modern materials and a new belt section give a much greater power capacity. 
SpacesaVer Wedge-Belts make full use of the strength and flexibility of 
Terylene cords. These are bonded to a synthetic rubber which keeps them 
exactly where they can do most work with least stress to themselves. 

This rubber provides heat and oil resistance and adequate electrical conductivity 
at no extra charge. New pulley designs take full advantage of modern casting 
methods to give stronger, yet lighter pulleys. All have Taper-Lock quick 

and easy fixing facilities. 

@ Two Wedge-Belt sections, §” (Alpha) and g” (Beta) cover all normal drives up 
to 200 horse-power. Belt lengths and pulley diameters are based on International 
Standardisation principles. Your complete drive design can be selected from 
a single line reading in the SpacesaVer catalogue 135/20. Send for it now. 

@ Stocks of Wedge-Belts and pulleys available in all our 19 branches. 

@ The new SpacesaVer Wedge-Belt drives are made solely by 
Fenner, the only company in the world to make both V-Belts and pulleys. 





HERE IS THE PROOF 


















































con | —_-V-Belt 33 63 34 5—A29 75 £6°8°7 167 
wall Wedge-Belt 315 S60 tt 3 Alpha 280 71 £5°3°8 106 
~ SAVING 16% 12% 54% ane 5% 19% 36% 
as He. | V-Beit él at 55 6—B65 |87 £17°0°7 668 
ein Wedge-Belt 53 106 2323 6 Alpha 560 153) £II-11-6 = 362 
a SAVING 18% 15% 48%  — 18% 32% 45% 
poe: | V-Beit | & 242 #63 ° °&#&6—CII2 305 «6£45°0-1 258 
50 HLP. | Wedge-Belt 71-21-2335 Beta 1000 269 £32°19°9 138 
i ~ SAVING 19% 14% 45% —  §2% 26% 46%. 
-_ ai | V-Belt ~T0s~—«428——~—=é“‘zESS*“‘wR CBO) O42) 824 «250 
teed — Wedge- -Belt . 90 375 475 _6 Beta 1600 a 4l-l £63°15°2 340 
SAVING 16% 12% 50% wm 13% 26% 35% 


NAME AND POSITION 





jo H. FENNER & CO. LTD. HULL 


T| DRIVES IN THE COMMONWEALTH 
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Cutter pass and rise- 
and-fall motions Of the — [qm mee me me we ee ee ee ce a 
knee during automatic 
3-dimensional pro- 


gramme milling of 
the workpiece shown 
above right. Le uae 


Pads to be milled | 





Cutter pass 


Raise knee 


Feed 


[eal 
* Lower knee 


Rapid traverse 








@ No tape, wire or punched cards 
: ‘ 
@ Suitable for small or large batches 
@ Production times reduced by as much as 60-70°, P 
@ Interchangeable trip dog bars and push button ' 
Machines with table sizes from 43” x 12” te lates speed iob changeover | 
a = 2 an th ees anh emplates speed job changeover 
automatic 3-dimensional programme . : — , } 
controlled milling. @® Can be used as normal machine without modification ; 


Sole Agents in U.K. 


R 0 For further particulars write or telephone TODAY 
OCKWELL 


oe 2 ao eo eee oe WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033) 





ALSO AT BIRMINGHAM —TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 282! 


W 14 
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| 
The inherent resistance to “chill”? which is a feature of | Automat Regd.) Pig 
Automat Cast Iron, removes the danger to high speed | ' 
5 = s | Iron for the production 
ree machining particularly on thin sectioned castings. One 
| of Automat | Regd.) Iron 
customer increased his turning speeds by 50°, and another 
° ; ' Castings. Full details 
reported no tool wear after 300 castings had been machined. 
' The result is similar on heavier sectioned castings. | available on application. 
1 


REFINED IRON CO. (DARWEN) LIMITED 


SOUGH WORKS, SOUGH ROAD, DARWEN, LANCASHIRE - 

Telephone : Darwen 1745 6 7. Telegrams : “‘Rolingot Darwen’. 

* Also producers of Darwen Brand Refined Cylinder and Malleable Pig Iron. 
* Special Alloy Pig Iron and Hi-Carb Iron. 
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LINCOLN-(CLooS : 4 
4 Z 
° Zz 
*fz.4 | 2 
TYPE CA3 7 | 
SEMI-AUTOMATIC oe - 
Ja ——. ” 
HAND WELDING UNIT _— a 
WITH FULL SPOT & TACK : sa 
Vi 
WELDING FACILITIES Occupying less than 6 sq. ft. of floor space, this aaa 
compact unit offers these great features : 
* Completely self-contained. The Lincoln-Cloos C.A.3 Weld- 
ing Unit incorporates its own re-circulating water cooling 
system and gas bottle support. 
me * Highly efficient modern design Hand Gun—can be used for 
Som ry Tack _ rape — both semi-automatic seam and spot welding. 
elding Nozzies (I nit or pot, ug . - . ° e 
wi ea ievig “sone and Tack Welding. * The special type C.P.L. timing unit and nozzles for Spot, 
standand Band tun), Plug and Tack Welding (illustrated) can be easily fitted ina 
matter of minutes. 
* Infinitely variable wire drive unit. 
* Wire feed rolls adjustable to suit wires of varying diameters. 
All these extra features plus the other advantages of CO2 Shield- 
ed-Arc Welding—rapid metal deposition, practically no forma- 
tion of slag, excellent results in positional welding—are available 
to you when you buy the LINCOLN-CLOOS type C.A.3 
Shielded-Arc CO2 Semi-Automatic Welding Unit—the machine 
with the added PLUS of FULL SPOT AND TACK WELD- 
ING FACILITIES. Write today for further details to: 
THE AUTOMATIC DIVISION | Wel 
EMBER OF TR, 
LINCOLN ELECTRIC CO LTD Bun T 
WELWYN GARDEN CITY - HERTFORDSHIRE | \\8) NIN, Lon 
Telephone : Welwyn Garden 920 (5 lines) 4581 (5 lines) Cour oF comme Bul 
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here is a man Cutting costs 


and solving his guard problems with 


Weldmesh 


Regd. Trade Mark 


Cut it to the shape you want— 
it holds together because it is welded together 


Weldmesh is a registered trade mark and is supplied direct to users by the sole manufacturers: 


THE B.R.C. ENGINEERING COMPANY, STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.! 
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16 Spindle Speeds 
16 Table Feeds 
16 Milling Head Feeds 


Automatic Spindle Setting 
for Multiple Speeds 


Optical Measuring 
Equipment 


« 
Pendant Contro 













Is 


Cross-slide : Lock or Unlock 1) 


Cross-slide : Raise or Lower 
Spindle: Lock or Unlock 
Spindle Traverse: Down or U 
Milling Heads Traverse : 


Select Direction and whether 
Rapid Feed or Inch 


Milling Head: Unclamp & Start @ 


ad 

© 

°O 
5 ] 


or Stop & Clamp 


Selector for Table Traverse : 
Select direction and whether 


Rapid, Feed or Inch 


Selector for Table Feed : 


Adjustable even during cutting 


got + 


7] 


Selector for Milling Head Feeds © 
Adjustable even during cutting 


KENDALL « GENT 


LIMITED 
GORTON 


MANCHESTER //2-. 
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JIB CRANES 
The range of Wharton products extends from hand pulley blocks of 
+ ton capacity, electric chain blocks, electric hoists and overhead hand 
operated cranes to overhead electric cranes of 200 tons capacity. 


Our general catalogue illustrates the full range of equipment, and 
will be sent upon receipt of your instructions. 


THE (BARTON CRANE & HOIST CO. LTD. 


REDDISH STOCKPORT ENGLAND 


















Fe Phone : Heaton Moor 2227 Grams : “ Gallant, Manchester.”’ Code : Western Union 
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THE SIGN OF 
GOOD WELDING 


Welding the underside of a transformer tank. 


W elded by Jenkins fabricate fractionating columns, heavy 
pressure vessels and similar large plant up to 
60 tons. Boring capacity to the following limits is 

also available: 


Boring spindle me ‘ ie 
Longitudinal traverse ara 
Transverse - ss ; 
Vertical ai = iz 
Maximum facing diameter 8° 0" 


O F R O T M Welding fabrications to the requirements of Lloyds 
H E R H A Class 1 (fusion-welded pressure vessels) A.S.M.E., 


A.O.T.C. codes and similar specifications. 


ROBERT JENKINS & CO LIMITED ROTHERHAM 


Telephone: 4201-6 (6 lines) 
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REGD. TRADE MARK 


ROLLING DIAPHRAGMS 


The rolling action of these supple, thin-walled Bellofram diaphragms brings many 
advantages for hydraulic or pneumatic devices where frictionless, long stroke action 
is necessary. 

The flexible diaphragms keep a perfect seal within the cylinder in all piston positions. 
They are non-porous and leakproof and, because free positioning, are supremely 
responsive to the slightest pressure change. 

The smooth rolling action of the diaphragm ensures freedom from abrasive wear... 
renders close machine tolerance in piston and cylinder unnecessary ...and—(there 
is virtually no mechanical spring gradient) — ensures frictionless, completely 


accurate operation. The quality of the diaphragm itself ensures millions of cycles 





with minimum attention ...and can be adapted to a wide variety of applications. 
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| GEORGE ANGUS & Co I? 

OIL SEAL DIVISION , 

M Coast Road, Wallsend-on-Tyne. 3 
TELEPHONE : WALLSEND 624551 TELEX : GACO, WALLSEND 53-138 TELEGRAMS : ‘GACO’ WALLSEND 
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HYDRAULIC 
PRE-SELECT 


ie for greater gpersling speed 
~ taster penelraling capacily 


Photograph by courtesy of 
OTIS ELEVATOR CO. LTD. 





JAMES ARCHDALE & CO. LTD. 
BLACKPOLE WORKS, WORCESTER 


Telephone : Worces ter 27081 (6 lines) 
A Member of the Staveley Coal & Iron Co. Ltd. Group. 7 
SOLE SELLING AGENTS: ALFRED HERBERT LTD. - COVENTRY Tel: Coventry 89221 


SOs 
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| ; . 
Constant research has ensured that Walpamur Industrial Finishes 
meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 
ed 
§, 
/ 








CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 


metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 


EPOXY RESIN PAINTS booklet details the complete range of FEROX 
epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 


SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 
all types of finishes. 


All are obtainable free on request to: 


THE WALPAMUR COMPANY LIMITED 
DARWEN AND LONDON 





21 





o ER MAJESTY THE Q fen 
*ANUFACTURERS OF PAINT 
£ WALPAMUR YT 


Paints, enamels, varnishes and finishes for every industrial need 
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A Spiral Casing designed by Boving & Co. Ltd. 
for the Central Electricity Generating Board’s 
Hydro-electric Power Station at Cwm Rheidol, Wales. 


Peter Brotherhood Ltd. have the capacity, backed 
by skill and experience, to build prototypes, 
pilot plant and full scale production machines 


for new projects or enterprises. 


PETER BROTHERHOOD LTD 


PETERBOROUGH ENGLAND 
Compressor and power plant specialists for nearly a century 


P4869 


THE ENGINEERS’ DIGEST 





‘Silcoset 


CONTIUSTS 
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Oil isn’t easy to find. It takes 
mammoth rigs and enormous 
drills to prise it from the ground. b 
Its entry into the outer world is off 

| 


made amidst an astonishing array to 





of derricks, pumps and pipe lines ‘ 
Vok 
It is treated with the reverence 


of gold and brings vast fortunes 





to those who own the land The 





beneath which it is found. } cent 


Such a precious and vital fluid 
must be retained and preserved Oth 
with the utmost care. It is, 
therefore, not surprising that 
discriminating manufacturers - 
entrust this important task to 


SuPerfect Oil Seals. 


SEE OUR PRODUCTS ON 


STAND No. 330 
INTERNATIONAL MOTOR SHOW 
EARLS COURT, 19th to 26th October 





pm 


SUPERF 





ECT SUPER OIL SEALS & GASKETS LTD FAcToRY CENTRE BIRMINGHAM 30 


A 





TELEPHONE KINGS NORTON 204] 
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eae 3-20” AC FLATS ———+} 












































































| 7 | TAPPED 
/ YY or j” BSP. 
Y} Y or 
’ [ ' 
new transparent ~ ‘ 

* CLAMP 
bowl filter - 
offers alternative elements ; = 
to cover all requirements | 

PY SSE = » VAF 57 
Vokes new filter for use in }”, 3” and }” com- L 7)” ELEMENT 
pressed air pipelines efficiently removes abrasive = ‘DPA 
pipe scale, other solids and corrosive moistures | 
from the supply air. Alternative elements make | S BAFFLE 





it possible to cover all requirements. 

The standard general-purpose element is the 

VAF 57, suitable for removing average con- 
centrations of water, oil mist and grit; where | 
a high degree of purity is essential however, | 
the use of the ‘D’ Pak is recommended. Both 
elements offer low resistance to flow and function | \\ / / 

’ 








4” B.S.P. SOCKET 
PLUG & WASHER 








for long periods without the need for replace- | F 
ment. i cae ws 
Other types of element are available for special "Weeuscas 
applications and full details of these may be + om 











obtained from our technical sales department. aes tm. 








ONE MINUTE MAINTENANCE 
— LIFETIME PROTECTION 


Maintenance can easily be carried out by occasionally 
removing the plug at the base of the filter and draining 
off the collected moisture and impurities. The trans- 
parent bowl fitted for pressures up to 150 p.s.i. makes 
maintenance even easier by giving a clear view of 
filtering efficiency and showing when servicing is 
necessary.A metal bowl is fitted for pressures over 150 
p.s.i. and up to 250 p.s.i. 


= Operating temperatures— 
— 4 Transparent Bowl type:— 40 F to 120 F. 
ogi Metal Bowl type: — 40 F to 300°F. 


VOKES LIMITED: GUILDFORD - SURREY 
Telephone: Guildford 62861 (6 lines) 

Telegrams & Cables: Vokesacess, Guildford, Telex. Telex: 8-535 Vokesacess, Guildford 

Vokes Australia Pry. Ltd., Svcne 





Represented throughout the World 


V.SI5 
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Problem: C ONDENSATI ON 


Solution: Ventilation 








JOHN BULL RUBBER CO LTD 


Place: GRIMSBY 


The pressing of rubber mouldings at the large fac- 
tory of the John Bull Rubber Co. Ltd. was causing 
condensation under certain climatic conditions and 
sections of the structure and floor were covered 
with moisture. This raised humidity and created 
unpleasant working conditions. Colt were called in 
and after a survey recommended the installation of 
Inflow Units and SR/3080 ventilators. 

There is no condensation problem now at the fac- 
tory, and Colt have added another success to a fine 
record. It isarecord which has brought repeat orders 
from many world-famous concerns. Ask your Sec- 
retary to send for a free Manual to Dept. 39. 


COLT VENTILATION LIMITED SURBITON SURREY Telephone : Elmbridge 0161 
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HYDRAULIC 
CONTROL 


SAWING 
MACHINES 


Unique in design. Proved in 


TUBE EXPANDERS 
FOR ALL PURPOSES 

















practice. Precise pressure 
control for wide range of metals 
and sections. The blade 
commences and finishes each 
cutting stroke with reduced 
pressure, with resultant 

saving in blade wear. 


FAMOUS FOR SPEED 
ACCURACY AND RELIABILITY 





THE WICKSTEED AUTOMATIC TORQUE 
. +» «+ GONTROL UNIT 






12” « 12” Capacity 
" ' ' No. 8 
s supplied to the 8” « 8” Capacity 





Admiralty, Central Electricity 
Authority, Railways, Oil Refin- 
eries, leading Boiler Makers and industrial users. 


LEADING TUBE EXPANDER MANUFACTURERS 
FOR OVER 70 YEARS 


Hydramatic Machine 











REGD. TRADE MARK 











SUPPLIERS TO ALL INDUSTRIES 
CHARLES WICKSTEED & CO. LTD . KETTERING - ENGLAND 


Telegraphic Address: ‘‘Wicksteed Kettering’’ 
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HOFFMANN MINIATURES Hoffmann Miniature Ball Journal Bear- 


ings range from size }” down to 3mm 
outside diameter, and include flanged, 
shielded, angular contact and pivot types. 
They are made to the Hoffmann Instru- 
Mi its, aul: tien comme dil, Aewdioned ment Bearing Specification IS.5, IS.7 and 


1S.9, which fall within the corresponding 


over a span of more than sixty years, ‘ 
LIL E ABEC 5, 7 and 9 respectively. 


MOEEMAND ; 
F that makes Hoffmann Bearings 


outstanding in quality and precision. 








THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX 
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MACHINED IN 24 SECONDS 
cnaiaes WITH AUTOMATIC LOADING 


-O3 x 45° 


The photograph shows the automatic loader 
fitted to a No. 6 Ryder Verticalauto supplied 
to The Ford Motor Company Limited. It is 
used in the production of differential gears, 


75" which are finish-bored, turned and faced at 


—— 


the rate of one component in 24 seconds. The 
Sa mae magazine carries enough components for a 
ai forty minute run. 














Automatic loading can be fitted to all sizes 
of Ryder Verticalautos. 


VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, 
Bolton, England. 

Makers also of single spindle Rydermatics and Piston 
Ring Lathes. 
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Our range of industrial engines are a_ practical 
proposition for many types of industrial equipment 
... Compressors, cranes, pumps, contracting equipment, 
earth borers, generators, railcars, welding plant, works 
trucks, tractors and conversions. Simple design, 
modern flow-line production methods and common 


interchangeable parts contribute to the low cost of 


these high efficiency engines. And remember, every 
engine is fully backed by a World-wide Parts and 


ka GS" ea me 


Wherever you are, whatever your problem, 


= lolain 


MOTOR COMPANY LIMITED - ENGLAND 


are at your service 





For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 





ZS ro 
ar “Way 


industry 


Service Organisation. Take your choice from a wide 
power range... Diesel 20 to 86 b.h.p. and Petrol 11 
to 87 b.h.p. (12-hr. rating). 





DIESEL ECONOMY—have you considered the replace- 
ment of existing power units in your equipment and 
trucks with the famous 4D Diesel engine? You'll have 
the unique advantages of economy, long-life and low 
running costs ... plus the best service in the World! 


Please send me technical brochures of your *PETROL 
DIESEL Industrial Engines. The maximum B.H.P. required 
Wiscscvacsasueasoet | Ree R.P.M. Also, please send details 
of the following equipment powered by your engines. 








Name 


Address 


Nature of Business 


Telephone No. 


* Delete where not applicable 


G51°24'10 











FORD MOTOR COMPANY LTD - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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Photograph by courtesy of Messrs. Fenriss 
(1932) Ltd. 


SQUEEZE 
RIVETERS . 


for 
high speed 


broaching 


Over 12 months ago, Messrs. 
Fenriss (1932) Ltd., installed 
a ‘‘BROOMWADE”’ Type 
BSM9 Squeeze Riveter for 
external broaching electrical switchgear 
parts. Working to limits of .002”, they 
stepped up production to 800 parts an 
hour—a great increase on the straddle 
milling operation previously employed. 
During the whole of this time, NO 
SPARES OR MAINTENANCE whatso- 
ever have been required. 





“BROOMWADE” TYPE BSM9 SQUEEZE RIVETER 


A direct acting machine embodying only an air cylinder and 


Why not consult your nearest 
“‘BROOMWADE’ Technical representa- 
tive. He can apply the long experience 
and wide resources of *‘BROOMWADE”’ 
to your production problems. In the 
meantime, may we send you full details 
of the wide range of *‘BROOMWADE”’ 
squeeze riveting equipment? BSM9 with 36” Floor 


mounted yoke 


“BROOMWADE 


Air Compressors & Pneumatic Tools - Your Best Investment 


BROOM & WADE Ltd., P.O. Box No. 7, High Wycombe, Bucks. Tel: High Wycombe 1630 (10 lines) Telex : 83-127 


PUBLIC WORKS & MUNICIPAL SERVICES EXHIBITION. NOV. 14-19, 1960. STAND 28 GRAND HALL OLYMPIA 
797 SAS 
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piston mounted on a yoke, the moving snap being carried by 
the piston rod. Suitable for riveting, punching, pressing, 
cropping or broaching duties requiring total pressures up 
to 2} tons at 100 Ib. p.s.i. Control is by foot-pedal operated 
throttle valve. The machine operates to a positive stop anda 


screwed sleeve is fitted to give adjustment of the stroke 





Numerous alternative standard yokes are available, arranged 


for bench or floor mounting 
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book 
that 

has taken 
thirty- 
five 
years 
to 
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...it embodies the experience 
of 35 years as specialist 
manufacturers of gland 
packings. 






e144 Pagninas 


Over the years we have produced a number of catalogues 
of our range of gland packings, each one more informative 
than its predecessor. But this latest publication breaks 
entirely new ground. 


It is the most comprehensive reference book to the use 
of gland packings ever produced anywhere in the world. 


In the space available here it is impossible to describe all 
the contents, but we will send to you, free of charge and 
postage paid, a copy of the publication. Please write to 
Crane Packing Limited, Gland Packings Division, Slough, 
Bucks. /f vou require the publication to be addressed per- 
sonally to vou, please let us have your name and address, the 
name of vour Company and your position in the Company. 
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Cold bending rolling machines for plates 

4," to 43” thick—width 3’ to 20’ Initial, 

pyramidal and vertical type machines. 

Shipyard-Type Plate Bending Rolls up to 
22” thick and 40’ wide. 








Cold Flanging Machines for flat, dished, 
conical and elliptical heads up to 1” thick |}> 


and 16’ max. diameter. 





Cold Bending Machines for Sections 
and Tubes, capacity : 


L from 3” to 7” 
< [up to 143,” 
| 


Mi up to 6” « 13” 


O tubes from }” to 64” | ie nd | 


BOLDAINI 


5 








1} (BOLDRINI) 


RIBO 





Via Gaetano Crespi, 28. 








MILANO (Lambrate), Italy Friction-Presses for dishing heads 
Telephone: No. 29.66.37 29.66.80 29.67.04. up to 1” thick and 16’ max. 
diameter. 


Cables: Boldrini-Milano. 
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Designing with 


MEEHANITE 





Designing 


MEEHANITE 


production 
costs 




















The cost of producing a casting depends largely on how 
the casting is designed. By following certain procedures 
determined by sound metallurgical principles and zood 
foundry practice, the designer can reduce the cost of 
his castings. He can at the same time increase casting 
performance by obtaining greater casting soundness 
and freedom from defects 


A new Bulletin G.7 on Designing 
Meehanite Castings shows how 
design affects casting cost. We 


; shall be happy to send a free 
Specify copy on request. 


MEEHANITE 


for better iron castings 


THE INTERNATIONAL MEEHANITE METAL CO. LTD. 


MEERION HOUSE, 4 DOWNSIDE, EPSOM, SURREY 
Telephone: Epsom 3507-8-9 Telegrams: Meerion, Epsom Cables: Meerion, Epsom 









APr2 


RUBBER-COVERED 
WIRE ROPE BELT SLINGS 








NO LOAD DAMAGE 
SAFER LOADING 








KNOWN NAME IN THE WORLD’ S INDUSTRY 


from 500 Ibs. to 100 tons 
WIDTH 


32” max. 





Ing. E. Klinghofer & C.s.as. 


VIA MASSENA, 8 : MILANO : ITALY 
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There’s nothing quite like it... 


...that’s the beauty of it 


Look at these advantages — Light as aluminium. High 

resistance to wear. Wide range of resistance to chemical attack. 
Easily machined. High thermal conductivity. Excellent heat 
radiation. Not wetted by molten metal or slags. Non-seizing. 
Self-lubricating. High resistance to thermal shock. Good mechanical 
strength at high temperatures. Good electrical conductivity. 
Available in impervious forms. Low thermal expansion. 

These properties give Morganite Carbon vast potentialities for the 
design engineer. Talk them over with our technical staff. 





The illustration shows a Rectifier Conirol Grid, a Rectifier Anode, a Boat, a 
Bearing, two Gland Rings, a Piston Ring, a Tube and a Valve Anode — just a 
small selection of products showing the remarkable versatility of Morganite Carbon. 


CARBON AND GRAPHITE — ELECTRICAL, CHEMICAL 
M O R G A N S AND MECHANICAL; CRUCIBLES, FURNACES, 
REFRACTORIES ; RADIO PARTS SINTERED METAL 


PRODUCTS AND ELECTRIC FURNACE ELEMENTS. 


THE CARBON DEPARTMENT, 
THE MORGAN CRUCIBLE COMPANY LTD., BATTERSEA CHURCH ROAD, LONDON, S.W.11 
C58A/416 BAT: 8822 
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be exhibited 


at the ‘“‘BI-MU”’ Biennial Machine Tool Exhibition 


Lathes 


Hall 4—Stands 4506-4409 


(Italy) 
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lling Mach 


in every 
industry 











NEWTON GHAMBERS 


cast in all grades of 


MEEHANITE 


from a few pounds 


to 20 tons 


Whether you require one casting or thousands, up t 
20 tons each or as little as a few pounds each, for an} 
service in any grade of Meehanite, we can meet you 
needs. Our foundry facilities are extensive, and includé 
machine moulding, shell moulding, loom moulding 
and floor moulding, and with our 160 years’ experienc 
of serving every major industry, we are able to offei 
an exceptionally skilled and comprehensive servicd 





All enquiries will receive immediate attention. 


Chambers 


NEWTON CHAMBERS - ENGINEERING DIVISION 
THORNCLIFFE + SHEFFIELD 


ENGINEERS OF 
PROGRESS 























VC Ill G 


multiple spindles on jig bored support plate. 
Floor to floor time for 2 pieces: 52" 





VERTICAL DRILLING MACHINE 


is, up t 
, for an\ 
jeet Vou Machining cycle 





| include 
noulding 
perience 
to offer 

service 





SION 


98 





load station 


Components: crankshaft shoulders, pinion 
1nd flywhee! ends. 

Station 1 Operation Dri!! central hole 
Dril! lateral holes 
C’ sink (both sides) 
C’ sink (both sides) 
Ream central hote 
Load and unload 





ams WN 





OFFICINE RINO BERARDI - BRESCIA - ITALIA 
| WALESSANDRO LAMARMORA, 105 - TELEFONO 55 3 92 GE 







(Associate all’ U.C.1.M.U.) 


BERARDI 
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PROFILE PROJECTORS 


Mod. *‘P 600”’ 
Screen © 600 mm. (24’) 





Other Models 


with screen 250 mm. @ (10”) 
400 mm. @ (16”) 
1,000 mm. @ (40”) 


for laboratories and workshops 





Additional Equipments 


Feelers for checking turbine and compressor blades 


KQROMEGNIICIA\ 





ee 


TORINO 
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COMPLETE 
RANGE OF 
BENCH, PILLAR, 
AND AUTOMATIC 
DRILLING 
MACHINES 


From 6 to 50 mm 
capacity. 

Multiple drilling heads 
with fixed, variable and 
in-line arrangement. 
SPECIAL MULTIPLE 
DRILLING HEADS 
TO CUSTOMERS’ 
DESIGNS. 


Agents wanted for un- 
represented countries. 





Fabbrica Italiana Trapani 


IDEAL MILAN O-lItaly | 
Piazzale PASOLINI, n.2 - Telef. 694.27 


METAL-CUTTING BANDSA¥ 
“FENDO—250' 
a 

















Cutting capacity : 
Round stock 250 mm. 
Rectangular stock 400 x 2009 
4 cutting speeds. 

Motor rating 1 h.p. 

Weight 450 kg. 


A. Bertani, 1 
Tel. 384.001 





E. LUSARDI — Via 
MILANO, ITALY. 
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PY WITH THE MOST 
AND KNOW-HOW, 
AND YEARS OF 








DORMER WORKS 
WORKSOP, NOTTS 


DORMER 


SOLID AND INSERTED TOOTH 
CUTTERS IN A COMPREHENSIVE 
RANGE OF TYPES AND SIZES 


Many are immediately available from stock 
Send for Brochure and Stock List 





SUMMERFIELD ST. SHEFFIELD 11 


Phone: 29181 (10 lines) Grams: PROELLS, SHEFFIELD 


DORMER CUTTERS ARE AVAILABLE THROUGH 
YOUR USUAL ENGINEER’S TOOL SUPPLIERS 
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TAPPING MACHINES 
Special Models 


Mod. DELTA 


We are also manufacturers of bench- 
tapping machines (Mod. Alfa and 
Beta), operating units, drilling 
machines for special operations, 
special models for simultaneous tapp- 
ing, drilling and milling operations. 








PGE ico scm 


Works: VIALE DEI MARTIRI 26, BORGARO TORINESE 
TELEPHONE No. 572134 





— 
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‘—— Made for each other... 


Needle Thrust Bearing 


Where you want to handle high radial and thrust loads in 
minimum space, you'll find that Torrington Needle Bearings 
and Needle Thrust Bearings go together like nuts and bolts. 
Used together, they contribute to compact design, light 
weight, maximum capacity and long service life. 


lil 
| 


l 
| 


Both bearings can operate on hardened and ground adjacent 
parts or with standard races. Our Bearings Division will be 
glad to help you make the most of this efficient combination 
in your thrust and radial load applications. 





i 


For radial loads 
Torrington Needle Bearing 


TORRINGTON BEARINGS 


ST 
The Torrington Company Ltd. Bearings Division, Torrington Avenue, Coventry - a = Glasgow Office : 


London & Export Office: 7-10 Eldon Street, EC2 e 50 Wellington Street, C2 








drop forgings fur 
helicopter gears 















The main gear wheel and hub 
assembly of the Bristol tvpe 192 
twin-engined, tandem-rotor 
helicopter being measured to an 
accuracy of ‘0001. Reproduced by 
courtesy of Westland Aircraft Ltd. 








Drop forgings for Helicopter 
Gears and other transmission 
components must be to A.I. D. 
Class 1 requirements. Their 
production can be carried out 
confidently only by 
forgemasters whose knowledge 
and experience are such that A view of the P531 turbine powered 
they are able to recognise 


: : helicopter by courtesy of West- 
the technical difficulties. land Aircraft Ltd. 











Consult Firth-Derihon and know 
that the problems likely to 
arise in production will be met 


(©) FIRTH DERIHON 





specialised field. 
SHEPFIELD DARLEY DALE 


THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD. 
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INNOCENTI 


mechanical division 


milling and 
boring machine 


The CWB milling 
and boring machine allows 
the solution of the most diffi- 
cult working problems in the 
most rational way. This is 
achieved thanks to the excep- 
tional performances of the 
machine and to the variety 
and flexibility of the equip- 
ment used with the machine. 
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ae 


ees area 








































in a 





The face plate of the head- 
stock is patented and is espe- 
cially designed for the appli- 
cation of a large range of 
interchangeable heads for any 
working requirement. 


(INNOCENT!) technicians be- 
sides the standard types are 
in a position to study for you 
the unit that can accomplish 
the outmost economy in the 
most difficult stages of your 
machining operations. 





MILANO 
Via Pitteri 81 - tel. 23-93 
Head Office, offices and factory 


ROMA 
Via Parigi, 11 - tel. 487-051 


NEW YORK 
INNOCENT! CORPORATION 
43 West 61 Street N. Y. 23 - tel. Columbus 5-7795 


PARIS 

INNOCENTI 

6, Av. F. Roosevelt - Vill tel. Balzac 03-51 
LONDON 

INNOCENTI U.K. Representative 

Uganda House 

58/59 Trafalgar Square, W.C. 1, tel. Whitehall. 2075 
CARACAS 

INNOCENTI Edif. Sudameris 

Avenida Urdaneta y Fuerzas Armadas - tel. 545-461 








| INNOCENTI |} 















HEAVY DUTY 
LATHES 


The illustrations show a Crowthorn 18 in. 
Centre x 27 ft. 9in. Gap Bed Lathe admitting 
20 ft. 6 in. between Centres and, inset,a 
view of the quick power traverse mech- 
anism. The lathe is typical of Crowthorn 
Heavy Duty Long Bed Lathes. 





CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Class Machine Tools for over half a century 
REDDISH ° STOCKPORT ; ENGLAND 
Phone : STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 


CL. 102 


THE ENGINEERS’ DIGEST 





AUTOMATIC SIZING 
] 


by MERCER 





PNEUMATIC 
GRINDING 
MACHINE 
CONTROL 








ONE HUNDRED YEARS OF FINE MEASUREMENT 


THOMAS MERCER LIMITED ~~ 
of St. Albans, Hertfordshire. TELEPHONE ST. ALBANS 55313 if = | 


h Agents: J. F. TENNANT LTD., 52 ST. ENOCH SQUARE, GLASGCW, ¢ 
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THINGS 
ARE BETTER 





This Catalogue gives you 
fact-packed information 
on Evertaut Shelving and 
Works Equipment... 

a range that meets your 
every requirement, saves 
you not only space but 
time and money, too. 
Write today for a copy to 


keep in your files. 


EVERTAUT LTD., DEPT. E, WALSALL ROAD, PERRY BAR, BIRMINGHAM, 22B 
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it’s time to explore 


ok the possibilities of CONSTANT 
Progress to date proves that there are FORCE 


immense possibilities in industry for Tensator 


Springs and Motors. Si RI re G 4% 


- Many existing products are wide open to 
improvement by the application of one or 
other of the basic Tensator forms. Entirely 
new applications can be designed to utilise 








the valuable Tensator characteristics. Please give the following details: 
1: Load 
TENSATOR 2: Extension 
al EXTENSION SPRINGS 3: Total number of operations per day 
can be supplied for loads of 5 grammes to 82 4: Expected life years 
lb., and for extension 0-40 feet. 5: Carbon or stainless stee! 


IF YOU HAVE A POSSIBLE APPLICA- 
TION IN MIND fill in and post the coupon 
to-day. 


| 


Space available 


OVD 





his EXTENSION > 








To TENSATOR LTD., Acton Lane, London, N.W.10 
Please send design and quotation to: 


Name of firm 

















SONS TOMTOM FOR... 521 :2.5<n-- nce scsnssevevee 


Organisation 





' 
! 
l 
I 
| 
| 
| 
| 
| Address 
| 
For attention of 
! 
| EXTENSION SPRING 
| 
| 
j 1 2 
| 
3 4 
l 
5 A B.... Cc 
| Member of the | 
BECLAWAT | 
| 
j 
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Quote for quantities 








For ECONOMIC Site Welding 
under the 7OUGHEST Conditions— 





ROCKWELD 


LIMITED 


COMMERCE WAY 
66 


CROYDON 


DIESEL DRIVEN WELDER 


Powered by air-cooled Enfield diesel engine and 
capable of meeting the worst site conditions. 
Standard C.A.V. pump and injectors. Fuel 
consumption less than 5 gals. per 9-hour day. 
This set costs no more than a petrol welder. 
Rating—250 amps. to B.S. 638:1954. We shall 
be pleased to receive enquiries for all manual 
and auto welding plants and electrodes. 


SURREY - Tel: CROYDON 7161 (5 lines) 
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ELECTRO-SLAG WELDING—NEW APPLICATIONS 
THINKING AT THE DESIGN STAGE 


A new process frequently offers unique opportunities for improvement in quality, for lowering of 
production costs or even scope for truly original application. Re-assessment of problems in 
design may be possible. To promote new thinking at the design stage two new applications 
for electro-slag welding by the Rockweld-Vus Vertomatic machine are described. 





Adding a section 


ue 


| eR 


A homogeneous 
T-weld 


(At right) 





(Above) One of many shapes of section which can 
be added to a plate or existing section se 


This particular section was 
obtained with a single water 
cooled shoe on a flat sur- 
face. It could equally well 
be applied to a cylindrical 
surface. The shape is only 
typical of many which 
could be adopted and quite 
a wide range of low alloy 
steels can be imposed on 
dissimilar steel plates or 
forgings. The considerable 
depth of penetration in 
this example will be noted 
but penetration can be 
varied to suit particular 
requirements. 


WELDING 





Two-inch thick plate 
Teed to 23” thick 
plate 


















ADVANTAGES OF THE 
ELECTRO-SLAG PROCESS 
Vertical Welds in heavy material, impossible by 
conventional methods. 
Unlimited thickness can be welded. 
Manipulation of work into position suitable for 
conventional welding, difficult and expensive with 
unwieldy heavy sections, is avoided. 
Elaborate plate preparation is eliminated. 
All welding is done in a single pass—the de- 
slagging and chipping unavoidable with multi-pass 
welding is eliminated. 
Comparative little flux powder is needed and there 
is no need for continuous flux recovery. 
High thermal efficiency allows outstanding 
economy in welding power consumption. 
Can replace heavy forging and casting of heavy 
parts. 
Plate need not be accurately aligned. 
The process is fully automatic. 
Very high rate of deposition—up to 40 to 50 Ib. 
per hour. 


%* Production time can be rated in hours 
instead of days, with less welding labour. 








DATA ———— 


--——— WELDING DATA 


T-welds in heavy plates or 
forgings often present prob- 
lems in design and con- 
Homogeneity 
and shaping of such welds 
may be difficult in execu- 


struction. 


tion by conventional weld- 
ing methods. Electro-slag 
welding 


difficulties, provides 100% 


overcomes such 
radiographic results and 
mechanical properties su- 
perior to plate material for 
most constructional steels. 
No plate preparation is 
necessary for this weld. 


Aah 





| 
Welding data provided on this experimental _ | 
section is not necessarily the optimum which | 
could be derived from further tests: | 
Welding current 600/650 amps. 7 
| 

| 

| 

J 


Vertical speed of welding... 48” per minute 
Wire consumed 0.5 Ib. per inch of weld 


| 
| 
| 
| 
| Welding voltage 36/38 V 
! Plate thickness... sai ne 2}” 
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This weld was carried out with a single wire | 
of 4” diameter. A fixed water cooled shoe | 
was placed on one side of the preparation | 
and a special movable shoe on the other side, | 
using a standard Vertomatic machine. l 
525/550 amps. l 

... 45/46 V | 

31.5” per hour 


Welding current 
Welding voltage... ih 
Vertical speed of welding... 





























Brown Boveri supplied the five alternators for Riddes, owned by the Forces Motrices de Mauvoisin S.A., Sion; with its output | 
of 335 MVA this is the largest hydro-electric plant in Switzerland. Three 60-MVA alternators were also supplied for Fionnay, 
the upper stage of this power scheme. 


Our life each day 


is largely dependent upon electricity. Light, power, heat, radio, transport: 
each of these needs the energy obtained from the country’s natural resources. 
Brown Boveri products assist in exploiting these resources and, by placing 
them at your disposal, help to raise your standard of living. 





Some of our products: Steam- and gas-turbine plants * machines and equipment for atomic power plants * electrical 
equipment for hydro-electric and diesel stations * airblast circuit-breakers and transformers for up to 400 kV. 
rotective and regulating systems * mutators * contact converters * electric motors and control gear ° electric 
urnaces * welding equipment * carrier equipment for power system communications * broadcast and telegraphic 
radio transmitters * television transmitters * transmitting and rectifier tubes * electrical equipment for locomotives, 
trams, trolley buses ~ marine propulsion machinery * turbo-compressors * blowers * exhaust-gas turbochargers. 
Representatives in most countries. 
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TRANSFORMERS 


by Hackbridge 









ABOVE: One of three 100 MVA 220 kV 
type ON transformers for 
Tasmania. 

CENTRE: 1500 kVA distribution transformer 

for the Far East. 


BELOW: Low power 
multipurpose unit. 


23 MILLION KVA 
IN SERVICE 


Send for publications. 








HACKBRIDGE ano HEWITTIC ELECTRIC CO. LTD 


HERSHAM ‘ WALTON-ON-THAMES : SURREY 
Telephone: Walton-on-Thames 288355 (8 lines) Telegrams & Cables: ‘‘Electric, Walton-on-Thames” 





OVERSEAS REPRESENTATIVES. ARGENTINA: H. A. Roberts & Cia., S.R.L. Buenos Aires. AUSTRALIA : Hackbridge 
and Hewittic Electric Co., Ltd., 171, Fitzroy Street, St. Kilda, Victoria: N.S.W.: Queensland: W. Australia: Elder, Smith & 
Co.. Ltd. : South Australia : Parsons & Robertson Ltd. : 4Tasmania : #H. M. Bamford & Sons (Pty.) Ltd., Hobart. BARBADOS 
and surrounding islands : Electric Sales & Service Ltd., St. Michael. BELGIUM & LUXEMBOURG : Pierre Pollie, Brussels, 3. 
BRAZIL: Oscar G. Mors, Sao Paulo. BRITISH GUIANA: Dandor Commission Agency, Georgetown. BURMA: Neonlite 
Manufacturing & Trading Co., Ltd., Rangoon. CANADA: Hackbridge and Hewittic Electric Co. of Canada Ltd., Montreal : 
The Northern Electric Co., Ltd., Montreal, etc. CEYLON: Envee Ess Ltd., Colombo. CHILE: Sociedad Importadora del 
Pacifico Ltda., Santiago. EAST AFRICA: G. A. Neumann Ltd., Nairobi. EGYPT: Giacomo Cohenca Fils, §.A.E. Cairo. 
FINLAND : Sahko-ja Koneliike O.Y. Hermes, Helsinki. GHANA, NIGERIA & SIERRA LEONE: Glyndova Ltd. GREECE: 
Charilaos C. Coroneos, Athens. INDIA: Steam & Mining Equipment (India) Private Ltd., Calcutta, Easun Engineering Co., 
Ltd., Madras, 1. IRAQ: J. P. Bahoshy Bros., Baghdad. MALAYA, SINGAPORE & BORNEO: Harper, Gilfillan & Co., 
Ltd., Kuala Lumpur. NETHERLANDS: J. Kater, E. I., Ouderkerk a.d. Amstel. NEW ZEALAND: Richardson, McCabe & 
Co., Ltd., Wellington, etc. PAKISTAN: The Karachi Radio Co., Karachi, 3. SOUTH AFRICA: Arthur Trevor Williams 
(Pty.) Ltd., Johannesburg, etc. CENTRAL AFRICAN FEDERATION: Arthur Trevor Williams (Pty.) Ltd., Salisbury. 
THAILAND: Vichien Phanich Co., Ltd., Bangkok. TRINIDAD & TOBAGO: Thomas Peake & Co., Port of Spain. 
TURKEY : Dr. H. Salim Oker, Ankara. URUGUAY: Ciuna Ltda., Montevideo. U.S.A. : Hackbridge and Hewittic Electric 
Co., Ltd., P.O. Box 234, Pittsburgh 30, Pennsylvania VENEZUELA : Oficina de Ingenieria Sociedad Anonima, Caracas. 
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Make an instrumental note... eo bamawo 
=~" Prt a - 
. : | J bear (| Ss 4 al ™_ 
that if you have anything to analyse, to measure, i NE ee \ 
: : p—j_d EB PIRSA 7 
inspect, or survey, the people to help you are Hilger & Watts. __ p= ge ~~ I | P< 
Autocollimators, Block Levels and Clinometers, Circular ss TP Vee a / i ‘ 
Division and Angle Measuring Instruments, Dividing Engines, j J wee / \ 
Linear Measuring Machines, Microscopes, Gauge Interferometers, " i pe ‘3 J se 
. ‘ . ‘ ui? 1 / mel lf : 
Optical Flats, Angle Gauges, Polygons, Etc., Seales and Circles, eK F \ . | 
Projectors, Analytical Instruments, Surveying Instruments. ~<a aaa S SiS . ‘ 
a 
HILGER AND WATTS LTD: 98 ST PANCRAS WAY ~- LONDON NW1 
HILGER & WATTS LTD., DORTMUND HURDE, GERMANY HILGER & WATTS INC., CHICAGO §, U.S.A 
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Do you punch it, stretch it or squeeze it ? 
Are you concerned about the effect of this sort 


of treatment on its amenable behaviour ? 


To avoid your pet product developing unyielding 
habits from hard working you need only to 
trust your annealing to Birlec furnaces. 


Amongst the hundreds in use in the metal 
working industries there are types to suit most 
needs—or, if not, a special design can 

be produced to match your own ideas. 


From box, bell, bogie, belt to pit, pusher, 
pull-through and roller hearth; with 
controlled atmosphere, forced convection, 
time-temperature control; electrically 
heated or gas fired; there is a proved Birlec 
design for every specification. 


Ask your pet typist to write to us for more information 
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@ IMPROVED METHOD OF 
DESCALING STEAM TURBINES 


It is known that, particularly 
when new boilers are in use, a 
very hard and adherent vitreous 
scale is often formed by the action 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





of steam on such mild-steel or 
stainless-steel turbine parts as blades and 
diaphragms. This scale has been stated to 
consist of iron silicate and/or silica produced by 
carry-over in the steam of silicon-containing 
moulding sand used to manufacture the original 
castings. It is virtually impossible to remove 
this scale with any conventional cleaning 
compositions, including strong alkalis and 
mineral acids, e.g., hydrochloric acid, so that 
expensive mechanical or manual cleaning 
methods are generally employed. 

According to a recently patented process, 
however, it is now reported that scaling of this 
type can be rapidly and completely removed by 
means of a composition containing hydrofluoric 
acid and an inert material to give the composition 
the consistency of a paste and thus to prevent it 
from running off the surface to be cleaned. The 
hydrofluoric acid can be in dilute or con- 
centrated form, and the inert material can 
consist of powdered calcium fluoride, or some 
other water-insoluble metallic fluoride, such as 
magnesium, barium, strontium, or lead fluoride. 
If the degree of concentration of the hydrofluoric 
acid is not more than about 20°, the inert 
material can be a water-soluble thickening agent, 
such as polyvinyl alcohol or gum tragacanth. In 
addition, the composition can contain wetting 
agents and inhibitors to retard attack of the base 
metal by the free acid, preferred wetting agents 
being those of the non-ionic type, such as the 
condensation products of alipathic alcohols with 
ethylene oxide. Whether or not an inhibitor is 
included, it is desirable to follow up the cleaning 
treatment with an alkali treatment, e.g., sodium 
hydroxide or sodium carbonate, to neutralize 
the residual acidity on the surface. 

As an example of the efficiency of this 
method, it is stated that substantially complete 
removal of scale from steel steam-turbine blades 





Readers desiring further information on any 
developments reported in THE BLUE PAGES 
are invited to write to the Editor. Copies of the 
full specifications of any British patents men- 
tioned, which are published by courtesy of H.M. 
Stationery Office, should be obtained from the 
Patent Office, 25 Southampton Buildings, 
Chancery Lane, London, W.C.2. Price 3s. 6d. each. 
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was obtained in five minutes with a composition 
containing 20° aqueous hydrofluoric acid with 
85°, by weight of powdered calcium fluoride, 
whereas, by comparison, the same scale required 
at least 48 hours for removal when treated 
electrolytically with a powerful alkaline cleaning 
material. 

From Brit. Pat. Spec. 843,100. 

The Geigy Co. Ltd., Manchester, England. 


@ IMPROVED DRY-FILM LUBRICANTS WITH 
INORGANIC BINDERS 


Ball bearings in high-performance aircraft 
and missiles are exposed to unusually severe 
operating conditions, particularly in future 
nuclear-powered  space-craft. | Conventional 
lubricants will fail within minutes at tempera- 
tures which may range from near absolute zero 
to beyond 800°F, at high-level nuclear radiation, 
and at pressures in the micron range. Even 
solid-film lubricants, which are now well 
established in plain bearing service, have shown 
serious limitations when used in hot, high-speed 
ball bearings. Their failure is ascribed to the 
organic resins employed as binders for lubricat- 
ing solids, such as graphite and molybdenum 
disulphide. Generally, such resins are unstable, 
separating from base metals at high tempera- 
tures. 

Research now in progress indicates that a 
possible solution to the problem is the use of 
inorganic binders, sodium silicate giving the 
best results. Ball bearings coated with inorganic 
solid-film lubricants are performing satisfactorily 
when immersed in liquid oxygen, and no 
damaging effects by high-level gamma-ray dosage 
can be observed. At air temperatures of 800°F, 
they show good stability, and no damage results 
from exposure to pressures of less than one 
micron at 1000°F. A major factor with respect 
to wear life was found to be substrate treatment. 
While, in the past, pretreatment has been 
considered essential for good bonding of the 
film to the base metal, a more important effect 
now seems to be the formation of microreser- 
voirs which continuously augment the lubricant 
supply. Tests indicate that size, shape, number, 
and location of such reservoirs exert a strong 
influence on bearing life. Another approach 
to the problem of solid-film lubrication is based 
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on the use of successively applied dry-film 
layers, each with a different chemical make-up, 
the layers being selected according to the 
desired characteristics in a particular temperature 
range. 


From Machine Design, U.S.A.., 
June 23, 1960, pp. 30-31. 


@ METHOD OF PRODUCING GEARS BY HOT- 
FORGING 


A recent patent is concerned with a method of 
producing by hot-forging gears, particularly 
bevel gears, with teeth which have a precision at 
least equal to that of cut gears and which there- 
fore do not require finishing. Also, the design 
and disposition of the forging dies are such that 
their life is adequate for mass production, so 
that, with the same set of dies, up to 10,000 
gears, all having a high degree of precision, can 
be produced before the dies become unusable. 
Another advantage is that a higher tooth 
strength than can be achieved with cut gear- 
wheels is obtained, as the teeth produced have 
parallel grain-flow lines extending in a direction 
from root to tip. 

The process is carried out with opposing 
dies and a tooth-shaping matrix. Between the 
dies is placed a metal blank, which has an end 
portion with a resistance against compression 
which is smaller than that of the remainder of 
the blank, the end portion facing the die with 
which the tooth-shaping matrix is associated. 
The dies are brought together to effect formation 
of the gear by a single impact, the pressure 
applied to this blank then causing radial flow of 
the metal progressively over the width of the 
tooth-shaping spaces of the matrix. In order to 
prevent its destruction by the blows of the press, 
the matrix is so placed that it lies laterally 
outside the range of the vertically striking force 
of the press. The ideal shape of the tooth- 
shaping matrix is a ring, having the inner-side 
tooth spaces into which the plastic material of 
the heated blank is forced, or more correctly 
“injected”. Progressive flowing of the metal is 
obtained by giving the blank an appropriate 
shape. 


From Brit. Pat. Spec. 842,092. Bayerisches Leichtmetallwerk 
Graf Blucher von Wahlstatt K.G., Munich. 


@ PREDICTION OF CREEP-FAILURE TIME FOR 
PRESSURE VESSELS 


When a pressure vessel made from a material 
which exhibits creep is subjected to internal 
Pressure, the vessel will expand. If, during 
€xpansion, the internal pressure is held constant, 
the load on the wall will increase, while the 
thickness of the wall decreases. As a result of 
these two simultaneous effects, expansion of the 
vessel is continuously accelerated until the wall 
thickness has decreased and the load increased 
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to such an extent that fracture of the vessel 
occurs. 

In the case of simple tensile creep, the time 
to fracture can be predicted theoretically, and 
these predictions have been shown to be in good 
agreement with experimental results. The 
theoretical approach is based on the use of true 
stress and true strain, creep-failure time being 
obtained by letting the true creep strain 
approach infinity. As the time necessary to 
reach infinite strain is a finite quantity, the 
time to reach infinite strain, i.e., the creep- 
failure time, can be used to predict the time of 
actual fracture, i.e., the creep-fracture time. In 
reality, the vessel will, of course, fracture before 
it has expanded to infinity. However, expansion 
of the vessel, accompanied by a reduction of the 
wall thickness, proceeds very slowly at the 
beginning and very rapidly towards the end of 
the life of the vessel. For this reason, the actual 
fracture time and the time for infinite theoretical 
strain occur at essentially the same moment. 
This indicates that creep-failure time can be used 
in place of creep-fracture time for predicting the 
fracture of a vessel. In this connection, a recent 
paper is concerned with the determination of 
creep-failure time for thin, thick, and very thick- 
walled cylindrical vessels of circular cross- 
section. 


From Trans. ASME, Journal of Applied Mechanics, U.S.A., 
June 1960, pp. 303-308. 


@ THE “LASER” OR OPTICAL MASER, 

Recently developed in the U.S.A., the 
‘laser’ or optical maser is a small solid-state 
device which is capable of producing an 
extremely intense beam of coherent light. The 
laser (the name is an acronym of “Light Ampli- 
fication by Stimulated Emission of Radiation”’) 
steps up the radio spectrum by a factor of 
10,000. Thus, the normal radio spectrum 
ranges between electromagnetic frequencies of 
1 Mc/s and 50,000 Mc/s, whereas the laser extends 
the frequency to 500,000,000 Mc/s, paving the 
way to a number of important applications, such 
as focusing light into high-intensity beams for 
space communications, increasing very con- 
siderably the number of available communica- 
tions channels, and providing high light concen- 
trations for industrial, chemical, and medical 
purposes. In addition, it provides true amplifi- 
cation of light and constitutes a valuable 
scientific tool for investigating the properties of 
matter and for performing basic experiments in 
physics. 

Essentially, the laser comprises a synthetic- 
ruby crystal, irradiated by a powerful light 
source, the optical energy produced exciting the 
atoms in the crystal to a higher energy state, 
from which the energy is re-radiated in a narrow 
band of frequencies. The excited atoms are 
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coupled to an atomic resonator and are stimu- 
lated to emit radiation coherently, as distinct 
from conventional light sources, in which the 
atoms radiate individually at random. As such, 
the laser could be described as a form of 
“atomic radio-light’’, because its coherent 
properties are similar to radio waves, so that it 
could be used as an optical radar system to 
direct light waves, rather than radio waves or 
microwaves, to a target. These waves, reflected 
back from the target, would provide a picture of 
a super-clarity never before attainable. Further- 
more, it generates an almost parallel beam (less 
than 0-01 deg. of arc), providing a concentrated 
source of illumination at great distances, and, in 
principle, the light waves produced could be a 
million times as monochromatic as those from a 
mercury or neon lamp. 

As the laser is capable of concentrating light 
energy over very small areas (approximately 27 
micro-inches in diameter), it could also be used 
to generate intense local heat, suggesting its use 
for local sterilization and for vaporization of 
micro-particles. 


From Atomic Physics Department, 
Hughes Aircraft Company Research Labs., U.S.A. 


@ PULSED EDDY-CURRENT SYSTEM FOR 
MATERIAL INSPECTION 


Electromagnetic test techniques depending 
on the transmission of an eddy-current field 
through a metal are not new, but they have not 
been used frequently because their advantages 
are insufficient to justify their mechanical 
inconvenience, which stems from the fact that 
the coil which generates the field is mounted on 
one side of the metal, while the coil which 
detects the field passing through the metal is 
mounted on the other side. Although through- 
transmission techniques have been used to 
measure the thickness of metal shims, the 
tremendous attenuation of high-frequency eddy- 
current fields in good conductors makes it 
necessary to use large coils, low frequencies, and 
high power. Large coils and low frequencies 
practically “‘guarantee”’ poor resolution, so that 
conventional techniques, which use a probe 
Operating from one side only have proved to be 
a better solution to most test problems. 

The use of pulsed fields, however, greatly 
extends the usefulness of the through-trans- 
mission technique. Because of the short duty 
cycle, a given transmission coil can be driven by 
pulses of high peak power without causing 
Objectionable heating. The pulse generator is a 
conventional thyratron triggered by a free- 
running multivibrator, and generates a current 
pulse having the shape of a half-sine wave in the 
transmitting coil, peak-pulse power being in the 
neighbourhood of 1 kW. Pulse repetition rate 
is not critical, but 800 cps seems to be a good 
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compromise value. The pulsed field enters the 
metal and, some time later, the signal on arrival 
at the other side is detected by a pick-up coil 
which supplies a voltage to the input of the 
receiver, where it is amplified and rectified for 
recording or metering. 


From Nondestructive Testing, U.S.A., 
July-August 1960, pp. 234-236. 


@ ACTUATOR POWERED BY AIR EXPANSION 

A new air-expansion system has_ been 
developed for the remote automatic metering 
or dispensing of liquids. Although specifically 
designed for handling laundry products in 
automatic home washing machines, this system 
can be adapted to any equipment where metering 
and dispensing of liquids are essential, air being 
chosen as the control medium for reasons of 
simplicity, reliability, and versatility. In the 
new actuator, a plastic housing is divided by a 
rubber diaphragm into two airtight chambers. 
The air in the larger chamber is heated by a 
resistance unit of special low-temperature, 
low-mass, and wide-distribution design, and 
expands to displace the diaphragm by a cal- 
culable amount. The smaller metering chamber 
is connected to an airtight liquid reservoir by a 
flexible tube, so that a volume of liquid, propor- 
tional to the volume of air discharged from the 
chamber, is dispensed from the reservoir. 

A technique of impulsing the actuator has 
been adopted to keep the size of the actuator 
within practical limits. Impulsing also makes it 
possible to use the same actuator to dispense 
several different liquids in independently selected 
quantities. With this concept, the output of the 
actuator per “‘pulse’’ (a timed heating period of 
several seconds) is fixed, and the total amount of 
liquid to be dispensed must be a multiple of this 
fixed output. The amount of liquid to be 
dispensed is selected by a printed-circuit 
slide-switch which energizes four printed impuls- 
ing switches, momentarily closing in sequence. 
In actual tests, it has been found that the output 
remains remarkably constant over a large 
number of cycles, and that, for most liquids, a 
cycle of 10 sec “on” and 5 sec “‘off”’ is sufficient 
to discharge a 2-0z volume. 


From Control Engineering, U.S.A., 
August 1960, p. 137. 


@ OXIDATION BEHAVIOUR OF NIOBIUM 

Earlier investigations into the oxidation 
behaviour of niobium have shown that two 
stages of oxidation occur, i.e., the formation of 
an initial surface layer of niobium oxide at a 
rate which decreases with time, and a subsequent 
transition to rapid oxidation at a constant rate. 
The original oxide layer was thought to protect 
the underlying metal temporarily from further 
corrosion. 
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In a recent attempt to determine this rapid 
rate of oxidation, small pieces of the metal were 
reacted with oxygen in a vacuum microbalance 
in the temperature range of from 336 to 475°C. 
The weight gained as the metal oxidized was 
recorded at specific intervals and then plotted 
against time. The curve resulting from these 
data showed two regions of oxidation rates, i.e., 
first a portion resembling a parabola and then a 
straight line with a considerably steeper slope. 

The initial low-porosity oxide formed as a 
surface layer of uniform thickness. During the 
initial period, little or no essential change in the 
predominant interference colour produced by 
the surface oxide film was noted, indicating that 
its thickness remained approximately constant. 
However, the continuous increase in weight 
showed that oxygen was still being absorbed by 
the specimen. It was concluded that, when the 
superficial oxide film forms on the surface, 
dissolved oxygen diffuses into the metal, presum- 
ably after passing through the surface oxide. 
This diffusion accounts for most of the weight 
gained and may be considered the rate-control- 
ling step of the reaction at this stage. From 
reaction-rate curves plotted for the transition 
region, it was found that the oxidation rate is 
apparently proportional to the amount of fresh 
metal surface exposed at the edge of very small 
black specks in the surface oxide film, which 
increase in number and size as the transition 
proceeds. These specks have been identified 
from electron diffraction patterns as the low- 
temperature form of niobium pentoxide. 


From National Bureau of Standards, Tech. News Bull., U.S.A., 
July 1960, pp. 123-124. 


@ INVESTIGATION INTO THE RATE OF BLOW. 
BY IN SPARK-IGNITION ENGINES 


The phenomenon of blow-by in internal 
combustion engines has an important effect on 
engine performance, lubrication of the cylinder 
walls, oxidation of engine oil, and bearing 
temperatures, and can thus reduce the service 
life of an engine. The rate of gas leakage from 
the combustion chamber into the crankcase has, 
of course, an influence on the efficiency of the 
piston rings, and analyses of this problem have 
been made by many investigators. A number of 
technical papers have been published on this 
subject, but the experimental data are limited in 
nature. The object of the experiments described 
in this paper was therefore to clarify the 
phenomenon of blow-by and its influence on the 
Piston and piston-ring dimensions and _ the 
Tunning condition of a single-cylinder 370°5-cc 
petrol engine subjected to tests, the piston of 
this particular engine being fitted with two 
compression rings and one oil control ring. 

_ The experimental results regarding the piston, 
piston ring, and cylinder liner, in terms of 
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optimum performance and minimum blow-by in 
the case of the engine tested, can be summarized 
as follows:—The distance from the piston 
crown to the top ring, and also the clearance 
between the piston and cylinder liner, should be 
kept as small as possible. The clearance 
between the piston ring and the side of the 
piston groove must not be made too narrow, but 
the gap in the piston ring must be as narrow as 
possible. Rings with uneven surfaces caused by 
poor workmanship must not be used. Finally, 
it is of interest to note that the second com- 
pression ring was found to be effective in 
reducing the rate of blow-by only with heavy 
power ratings and at high speeds. 


From Bulletin of the Japan Society of Mechanical Engineers, 
No. 3, 1960, pp. 104-111. 


@ “HELIXFORM” BEVEL AND HYPOID GEARS 


Gears made by the recently developed 
“‘Helixform” process are classified as non- 
generated, i.e., the workpiece remains at rest 
while the teeth are being cut. The objectives 
sought in the development of this process are 
the production of gears and pinions by a 
method (1) giving basically correct tooth 
bearings with conjugate tooth action within the 
practical limits of manufacturing tolerances and 
deflections; (2) maintaining the depthwise taper 
of the teeth in accordance with the established 
standard of design for spiral bevel and hypoid 
gears ; (3) maintaining the production advan- 
tages of the non-generated type of gear; (4) 
eliminating, as far as heat-treatment distortions 
will allow, empirical means of obtaining the 
desired tooth bearings; and (5) achieving 
mathematical simplicity in both theory and 
calculation. 

The Helixform process is a simple direct 
means of making gear pairs practically con- 
jugate, i.e., with the mismatch necessary to allow 
for tolerance and deflection. Tooth bearings, 
produced at the initial cutting, are correctly 
shaped for the delivery of uniform motion. 
The surfaces of the gear teeth are basically 
involute helicoids and, as such, are made up of 
straight-line elements, and are ruled, develop- 
able, synclastic surfaces. The process is flexible 
in that it permits the incorporation of any of the 
conventional modifications in tooth shape 
necessary to compensate for heat-treatment and 
mounting deflections under load, and these 
modifications can be made without introducing 
undesirable secondary effects. Bearings remain 
substantially square, whether placed at the toe 
or heel, permitting greater adjustment tolerances, 
while gear-finishing methods, such as burnishing 
and lapping, are readily adaptable to Helixform 
gears. 


From Trans. ASME, Jour. of Engineering for Industry, U.S.A., 
August 1960, pp. 179-190. 
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A New Classification of Climate for 
Electrical Equipment 


By M. RYCHTERA and J. REINHARTOVA 


From Elektrotechnicky Obzor, Czechoslovakia, Vol. 49, No. 8, August 1960, pp. 424-431, 2 illustrations. 


Manufacturers of electrical equipment should be in possession of a classification of the various climates 
of the world in order to be able to decide on the design of their equipment for overseas destinations 
without incurring undue risks. In the past, information on climatic conditions has usually been supplied 
by the customer and is reliable only to a certain extent, inasmuch as unfavourable conditions tend to be 
exaggerated, frequently resulting in higher manufacturing costs. Although four different classifications 
of climate have recently been put forward, they all appear to have a number of shortcomings. It is for 
this reason that the authors have worked out a new proposal, the basis of which is discussed in the 
following article. 


THE object of climatology is to define climatic areas on 
the basis of common conditions. Such a classification 
may be made from various viewpoints and according to 
various criteria. The most important classifications in 
existence to-day are (1) the geo-climatological classifica- 
tion, which takes account of the effects of climate on 
inorganic nature, (2) the bio-climatological classification, 
which takes account of the effects of climate on living 
organisms, (3) a classification based on the composition 
and movement of the atmosphere, and (4) a technical 
climatological classification, (including an_ electro- 
technical climatological classification) based on the effects 
of climate on technical equipment and installations. 

In most underdeveloped countries, the climate is 
other than temperate, being broadly speaking either 
arctic or tropical. Although arctic areas are large in 
extent, they are very sparsely populated, so that, from 
the industrial point of view, tropical areas are of pre- 
dominant importance. The urgent need to establish a 
satisfactory electrotechnical climatological classification 
for these areas is due to the rapid rate of technical 
Progress in underdeveloped countries. This progress 
will undoubtedly lead to a high demand for electrical 
equipment from the more industrialized countries, as 
well as from the newly established engineering industries 
in these areas themselves. 

In order to meet this demand economically, the 
design of equipment must in each case suit the various 
specific climatic regions, i.e., regions having identical 
climatic effects on electrical equipment. At the same 
time, the number of such specific regions must be kept to 
a minimum; otherwise, the number of different designs 
would become economically prohibitive. 

Some of the earlier technical climatological classifica- 

tions suffered from the fact that they were based on 
bio-climatological data, largely confining themselves to 
the combination of various sub-areas of the bio- 
climatological classification into a smaller number of 
main areas without, however, having due regard to the 
actual technical effects. 
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The first original technical climatological classification 
was devised by Burchard and Hoffman in 1958. As it is 
based on the maximum and minimum temperatures of a 
large number of places, recorded over many years, even 
this classification is inadequate for electrotechnical 
purposes, because temperature is not the only important 
climatic factor affecting electrical equipment. 


The New Electrotechnical Classification 
of Climate 


The present proposal distinguishes between a 
temperate zone (normal zone) N, a tropical zone T 
comprising three sub-divisions, i.e., a tropical dry area 
TD, a tropical humid area TH, and a tropical semi-humid 
area TS, a cold zone F, and a high-altitude zone H. It is 
based on a definite level of the two most important 
climatic factors affecting electrical equipment, i.e., 
atmospheric temperature and humidity, or on the 
frequency of the occurrence of temperature and humidity 
at a level endangering the function or useful life of 
electrical equipment. 

Spells of extreme temperature can occasion over- 
heating of electrical equipment, and a high rate of 
incidence of high temperatures can cause rapid ageing of 
insulation and destruction of certain materials through 
the effect of the (usually simultaneous) low relative 
atmospheric humidity. The first may be counteracted 
by appropriate dimensioning of the equipment, and the 
second by a suitable choice of materials. The problem 
of proper dimensioning is far more important from the 
economic point of view, since it not only increases the 
cost, but also affects the economic utilization of the 
machine during its service life. Consequently, in the 
delineation of the dry tropical area TD, account must be 
taken of the maximum temperatures occurring at 
individual places on the earth’s surface. The criterion is 
then the average of maximum annual temperatures over 
many years, i.e., not an extreme temperature which may 
occur once only in many decades under completely 
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abnormal conditions. According to statistical evidence, 
this maximum temperature (the long-term average of 
annual maximum temperatures) is likely to occur in any 
given place every other year. Since, in the majority of 
countries with temperate climates, electrical equipment 
is so designed as to function satisfactorily up to a maxi- 
mum ambient temperature of +40°C, all inland areas 
where the long-term average of maximum annual 
temperatures either reaches or exceeds +40°C are 
included in the tropical dry area TD. 

Low atmospheric temperature mainly causes a change 
in the viscosity of liquids and in the mechanical properties 
of certainmaterials. In temperate climates it is usual to 
assume that the minimum atmospheric temperature can 
fall to —40°C. Consequently, the cold area F includes all 
places where the long-term average of annual minimum 
temperatures falls below —40°C. 

The humid and semi-humid areas TH and TS are 
determined by the absolute humidity of the atmosphere. 
Although the relative humidity also affects the electrical 
properties of insulating materials significantly, it does 
not, in the majority of cases, jeopardize their function. 
If electrical equipment is in operation, any film of water 
which may have formed on the insulation soon evapo- 
rates, owing to the Joule effect. The frequent occurrence 
of high relative humidity is not rare, even in some 
temperate regions, e.g., in coastal regions. On the other 
hand, high absolute humidity brings about rapid 
diffusion of moisture into the insulating material, and 
thus affects adversely, and partly irreparably, its electrical 
properties; even though humidity assists the flow of 
current through the material, this current cannot succeed 
in expelling the water molecules fixed by much greater 
forces. It would, however, be meaningless to base the 
boundaries of humid areas on maximum absolute 
humidity, whose extreme variations cannot substantially 
affect the diffusion of moisture into insulating materials, 
since diffusion takes place very slowly and depends in the 
first place on the uninterrupted period of high absolute 
humidity. 
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Fig. 1. Variations in insulation resistance of a batch of test coils 
exposed (a) to a tropical semi-humid climate and (b) to a 
tropical semi-humid climate (6 months) followed by a tropical 
humid climate. 

The best criterion would be the frequency of 
uninterrupted, or almost uninterrupted, periods of high 
absolute humidity. This, however, is not possible because 
of the lack of published data and the amount of work 
required for evaluation. It is proposed, therefore, to use 
as a criterion the number of months in a year in which the 
average absolute humidity is high. It can be shown that 
the electrical properties of identical insulating materials 
and insulating systems differ considerably, depending on 
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the duration of the period of high vapour pressure in the 
atmosphere of the different areas in which they are 
exposed. As can be seen from Fig. 1, test coils exposed 
in humid tropical areas, where a high level of humidity 
persists for more than six months per year, exhibit 
minimum insulation levels about 100 times lower than 
those experienced in humid sub-tropical areas, where the 
period of high humidity is limited to about three months 
per year. 


TABLE I: CRITERIA FOR THE PROPOSED ELECTROTECHNICAL 
CLIMATOLOGICAL CLASSIFICATION 








Climatic Area Criterion 
Six or more months with an 
average water-vapour pressure 
higher than 20 mm Hg. 

Three or more months with an 
average water-vapour pressure 
higher than 15 mm Hg, and six or 
less months with a pressure of 
20 mm Hg. 


Tropical humid (TH) 


Tropical semi-humid 
or sub-tropical (TS) 


Average annual maximum tempera- 
ture equal to or more than + 40°C. 


Tropical dry (TD) 

Cold (F) Average annual minimum tempera- 
ture equal to or less than —40°C, 
Three or less months with an 
average water-vapour pressure 
higher than 15 mm _ Hg, an 
average annual maximum tem- 
perature of less than +40°C, and 
an average annual minimum 
temperature higher than 40°C, 


Temperate or normal (N) 


High-altitude (H) Altitudes above sea-level greater 
than 2000 metres. 























On the basis of measurements of the electrical 
properties of various insulating materials exposed at 
different locations, the authors propose the electro- 
technical climatological classification given in Table I. 
The map reproduced in Fig. 2 is based on this classifica- 
tion, in conjunction with temperature data from about 
520 stations and humidity data from about 660 stations. 
It must be pointed out, however, that it has not been 
possible to obtain strictly comparable data, inasmuch as 
averages of maximum and minimum temperatures do not 
in all cases cover the same number of years. Data of 
absolute atmospheric humidity are not published in all 
countries, so that it has been necessary to compute some 
of the data from the monthly averages of temperature 
and relative humidity. 

The tropical semi-humid area TS is characterized by 
the alternating occurrence of lengthy humid and lengthy 
dry periods, and thus also includes areas which conform 
to the condition stipulated for the tropical dry area 7D, 
i.e., areas where the long-term averages of maximum 
temperature exceed +-40°C. However, it is not considered 
necessary to draft separate specifications for electrical 
equipment destined for the tropical semi-humid area, 
since the development of a universal tropical design is 
obviously a more economical proposition. 

Quite exceptional conditions prevail on the coast of 
the Persian Gulf, where the criteria which satisfy the 
tropical-humid and the tropical-dry climates apply 
simultaneously. Since this area covers only a narrow 
strip along the coastline, it is not shown on the map in 
Fig. 2. The average maximum annual temperature in 
this area is between +45 and +47°C, while, owing to the 
evaporation of sea-water the monthly average of the 
absolute humidity, during six to seven months of the year, 
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Fig. 2. Proposed new electrotechnical climatological classification. 


is 20 gm/m? or more. Further details of these climatic 
areas, as defined by the authors’ classification, are given 
below, and include, for the sake of completeness, what is 
termed the oceanic climate. 


The Temperate Climate 


The area of temperate climate N not only includes 
temperate areas from the bio-climatological point of 
view, but also sub-tropical areas with dry, hot summers 
and moderate winters, and some sub-tropical deserts 
and steppes. Technical, and particularly electrical, 
equipment causes no difficulties in operation, since 
it has been empirically adapted to temperate climates in 
the course of its development. 

The monthly average temperatures are between 

10°C and +-15°C in winter and between + 15°C and 
+25°C in summer. The average of minimum annual 
temperature reaches — 39°C, and the average of maxi- 
mum annual temperatures does not exceed + 39°C. The 
monthly average of abolute atmospheric humidity 
fluctuates in the course of the year between 3 and 
12 gm/m3, the extreme absolute humidity rarely exceeding 
15 gm/m*. 


The Tropical Humid Climate 

The tropical humid climate (TH) is characterized by 
high absolute humidity. During the whole year, the 
average monthly temperatures exceed +12°C. The 
average annual minimum seldom falls below + 15°C, the 
average annual maximum does not exceed + 39°C, and 
daily temperature fluctuations do not exceed 10°C. The 
monthly averages of absolute humidity reach 20 gm ‘m3 or 
More for at least six months of the year. In some areas, 
the maximum monthly average of absolute humidity 
exceeds 30 gm/m? and may reach as much as 38 gm/m3, 
OCTOBER, 
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although this happens but rarely. Annual rainfall totals 
more than 600 mm and may even reach 10,000 mm. 
These conditions are most conducive to the growth of 
organisms, with the inherent danger of biological 
corrosion of technical equipment. 


The Tropical Semi-Humid Climate 


The tropical semi-humid or sub-tropical climate (7S) 
is the climate of those areas where electrical equipment 
is subject to a high absolute atmospheric humidity and 
also, in certain areas, to a high temperature for part 
of the year. In this climate, the average monthly tem- 
perature fluctuates between 0 and +18°C. The average 
annual minimum temperature seldom falls below 

10°C, while the average annual maximum temperature 
reaches +50°C. In certain areas, high daily tempera- 
ture fluctuations, i.e., 1S°C and more, occur almost 
regularly. The average of absolute atmospheric humidity 
during at least three months of the year reaches 15 
gm/m* and more, and in some areas figures for one 
month or the other may exceed even 30 gm/m*, with 
individual maxima seldom reaching 40 gm/m°*. In contrast 
with the tropical humid areas, the absolute atmospheric 
humidity in semi-humid areas fluctuates consideraby 
during the hot season, and reaches very high values more 
often. The annual rainfall is between 200 and 1000 mm. 
In this climate, too, it should be noted that there is a risk 
of biological corrosion. 

The Tropical Dry Climate 

The tropical dry climate (7D) is the climate where the 
major factors affecting technical equipment are high 
atmospheric temperature and intensive solar radiation. 
The average annual maximum temperature everywhere 
is more than +40°C. The extreme absolute atmospheric 
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temperature only exceptionally exceeds + 55°C, while the 
extreme absolute minimum temperature may reach — 25 
C. Annual rainfall usually does not exceed 400 mm. The 
average of monthly absolute humidity fluctuates over the 
year between 2 and 18 gm/m*. The average monthly rela- 
tive humidity falls in some places to under 30%, and the 
extremes of minimum relative humidity are seldom 
below 3°,. The air frequently carries a large amount of 
dust and sand from the steppes or from the desert, 
contributing to damage to technical installations. 
The Cold Climate 

The cold climate (F) is the climate in which the 
dominant climatic factor affecting technical equipment is 
low atmospheric temperature. The average annual 
minimum temperature is at least —40°C. The average 
temperature of the coldest month of the year remains 
below — 10°C, while that of the hottest month does not 
exceed +15°C. The absolute minimum temperature 
seldom falls below — 60°C. The monthly average of 
absolute atmospheric humidity fluctuates between 0-1 and 
10 gm/m*, 


The High-Altitude Climate 


The high-altitude climate (H) comprises locations 
with an altitude above sea-level of 2000 metres and more, 
where technical installations are mainly affected by low 
atmospheric pressure and density. The average tempera- 
ture drops by approximately 5° to 7°C for every 1000 
metres of altitude, while daily temperature fluctuations 
may be as high as 40°C. The character of the climate 
greatly depends on the geographical location and its 
climatic features, so that no special type of design is 
proposed for these climates. 


The Oceanic Climate 

The oceanic climate comprises not only oceans and 
seas, but also narrow coastal strips, as well as small 
islands. It has a significant effect on technical equipment 
when this is transported by sea, or if it is installed in 
seagoing ships. The predominant factors are a constant 
high relative atmospheric humidity and the considerable 
salt content of the atmosphere. In comparison with the 
climate on dry land, the oceanic climate is characterized 
by smaller daily and annual temperature fluctuations. 
The temperature level varies widely and depends on the 
geographical location and climatic factors of any given 
place. 


Comparison with Older Climatological 
Classifications 


The main differences between older technical climato- 
logical classifications and the proposed new electro- 
technical classification are as follows:— 

According to older technical climatological classifica- 
tions, the tropical humid climate TH comprises in all 
continents a larger area than it does in the new 
classification. The reason is due to the inclusion by 
K6ppen! not only of tropical jungles, but also of tropical 
savannahs, whereas the atmospheric humidity of tropical 
savannahs is, in actual fact, never so high that it can be 
considered dangerous to electrical equipment. 

The classifications made by Boéer and Fritsche? and by 
Rychtera® do not include the semi-humid coastal strips of 
North Africa and Arabia or the western coastlines of 
North and South America, these areas being considered 
to belong to the tropical dry climate, based on the fact 
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that the total amount of precipitation is small, even 
though the atmospheric humidity may be very high and 
frequently shows itself as fog. Both these classifications 
include the tropical monsoon areas of south-east Asia 
and Africa partly in the tropical dry area and partly 
in the tropical humid area. As already mentioned, in the 
area of the equatorial monsoons, a hot, dry climate 
alternates with a warm, humid climate during the course 
of the year. For instance, in parts of India, the tempera- 
ture during the dry period rises to between 45° and 50°C, 
while in the rainy season it varies between 20° and 30°C 
with very high atmospheric humidity. Equipment 
supplied to this area must therefore stand up to both the 
influence of extremely hot and dry conditions, as well as 
to moderately hot and humid conditions. 

In central Asia, between longitude 80 and 120 deg. E, 
in the vicinity of the 40th parallel, both of these older 
classifications show a tropical dry area, whereas, in the 
proposed classification, this area has a_ temperate 
climate, since the average annual maximum temperature 
does not reach 40°C. In addition, it may be mentioned 
that the cold area, according to the new classification, is 
smaller than that allocated to it by the two older 
classifications. 


Conclusion 


The new classification of climates and the map plotted 
on this basis have, from the electrotechnical point of 
view, revealed shortcomings in the earlier technical 
climatological classifications. Drawing up the new 
classification required an extensive study of the changes 
in the electrical properties of various materials exposed 
in sub-tropical and tropical areas of south-east China. 
The new map is based on data collected from meteoro- 
logical stations over the whole world, and the classifica- 
tion given is intended to provide an objectively produced 
guide to the selection of suitable designs of electrical 
equipment destined for operation under unfavourable 
climatic conditions. 

According to the new classification, the territory of 
the tropical humid area TH has been considerably 
reduced. This is of the utmost practical importance, 
since this is the area which, according to existing 
regulations, requires electrical equipment of the most 
expensive design. Furthermore, this classification, in 
contrast with earlier classifications, provides for a sub- 
tropical humid area TS, which is of special importance 
since it embraces the bulk of the industries situated in the 
tropics. In the new classification, the tropical dry area 
TD covers 22% of all land areas and the tropical humid 
area TH 16%, while the tropical semi-humid area TS 
covers 10°%. 

Of these three areas, the tropical semi-humid area is 
the most populated, since its climate is more temperate 
than either the tropical dry area or the tropical humid 
area. 
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Limiting Conditions for Arcing during Commutation 


in Electrical 


Ir a shunt-excited d.c. generator without interpoles or 
other auxiliary commutating devices is adjusted to a 
constant armature voltage by means of a voltage regula- 
tor, a constant armature current can be taken from it over 
a very wide range of running speeds. Under these 
operating conditions, i.e., a constant current / and a 
speed varying between 1 and m2 rpm, the energy 4L/* 
stored in a coil with a stray inductance L (which must be 
dissipated during contact by the brush passing over the 
commutator segment) is constant and is_ therefore 
independent of running speed. What can now happen is 
that, even if the commutator has been carefully finished 
with diamond tools and fairly true running is obtained, 
there may be practically spark-free commutation at the 
lower end of the speed range, whereas at the upper speed 
limit arcing may occur at the trailing edges of the brush. 

Now, the energy derived from the stray inductance 
and dissipated during each contact is the same through- 
out the entire speed range. As a result, it cannot be a 
factor that determines the onset of arcing, and, as will be 
explained later, the arcs are not necessarily initiated by 
mechanical contact-breaking, during sliding or lifting, 
but are mainly due to local overheating during commuta- 
tion. The present investigation was therefore under- 
taken to clarify the conditions for the occurrence of 
arcing during commutation, and also to determine the 
theoretical and practical factors giving rise to brush wear. 





| I 





Fig. 1. Basic features of the simulated electrical machine, 
showing (a) the circuit diagram, and (b) the internal resistance 
with open contacts. 


Previous investigations into the conditions under 
Which arcing is initiated and maintained were made by 
Lavrinovich' on a simulated machine, and also by the 
author? on a d.c. shunt-excited generator specially 
designed for experimental measurements and oscillo- 
graph recordings. These investigations showed that, 
when certain limiting conditions were exceeded, contact 
interruption between the brush and segment was no 
longer purely mechanical but the result of a sudden 
breakdown of the last contact “bridge” at a point where 
Overheating due to electric current was such that 
vaporization of the material occurred. It was not 
possible, however, to indicate the permissible loading of 
the contact beyond which arcing occurred, and it was 
realized that this load limit could not be determined by 
taking measurements, as was done previously, across a 
Single contact, because the conditions between the 
commutator and the brush vary with each individual 
segment and also fluctuate over a period of time. It was 
therefore considered that further measuring methods 
would have to be developed, in order to obtain answers 
to the following questions: 
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Machines 


By K. BINDER 
From Elektrotechnische Zeitschrift (ETZ), Germany, 
Edition A, Vol. 81, No. 16, August 1, 1960, 
pp. 558-562, 12 illustrations. 


(1) What conditions of the machine cause it to 
exceed the limit at which arcs are produced with a 
given type of brush? 

(2) What are the physical properties of the brush 
giving rise to this limit, and where is it situated 
for brushes of a specified type? 

These two questions were bound up with the question 
of the measuring method to be used. In fact, it was the 
determination of the required measuring method that 
led to a clearer understanding of the limiting conditions. 


Measured Variables and Method of 
Measurement 


Measurements were carried out on a test rig simulating 
an electrical machine with brushes shorter than the 
peripheral length of a commutator segment. Fig. 1 
shows the basic features of the simulated electrical 
machine, Fig. la being the circuit diagram and Fig. 1b 
the internal resistance with open contacts, the value 
of L, being very much lower than that of the stray 
inductance L. Simple arrangements of this type have 
already been used by Mauduit® and more recently by 
Konstanssov?. In this arrangement, the commutator 
segments are combined into two groups of even-numbered 
and odd-numbered segments, each group being supplied 
with current by means of a slip-ring, with the adjustable 
“stray inductance” L between the slip-ring brushes. The 
rig permits the running speed n, the current /, and the 
stray inductance L to be varied independently, in order to 
determine the onset of arcing as a function of these 
variables. Other parameters, such as the shape of the 
brush and brush-holder, brush pressure, commutator 
design, ambient conditions, etc., remain unchanged. 

As each segment passes the brush, the magnetic 
energy stored in the stray inductance must be dissipated. 
The main portion of this energy is converted into heat 
by the contact resistance, which increases as the brush 
reaches the trailing edge of the segment, finally tending 
to become infinite. A small portion of the energy is 
absorbed by the coil and by the contact resistance of the 
brush with the following segment, the remainder being 
dissipated in the are. 

Now, the contact loading and the occurrence or 
non-occurrence of arcing depend on the voltage pulse 
between a segment and the brush. If, for example, at a 
constant speed » and with a constant value of stray 
inductance L between each pair of consecutive segments 
the current / through a segment is increased gradually 
from one revolution to the next, then the peak voltage of 
the pulse will also rise gradually up to a limiting value, 
beyond which the contact will rupture. When this 
occurs, all the residual energy in the stray inductance of 
the coil will be dissipated by an are discharge. Con- 
sequently, the peak voltage at this instant is equal to the 
striking voltage of the initial flash-over }.°. This latter 
voltage, however, is substantially constant, and is 
independent of the duration of the ensuing arc. 
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A first criterion for arcing from a commutator 
segment is provided by the peak value of the voltage 
pulse. In view of the fluctuations occurring with each 
segment in successive contacts, and the variations between 
individual segments under these critical conditions, it was 
decided to measure the mean value of the peak voltage 
Up of all the segments or of one group of segments. The 
recordings, however, also enabled the individual peaks 
to be determined. Fig. 2a shows the rise of Up with 
increasing current J. At point A, when the current 
reaches a critical value Jz, arcing occurs at all the 
commutator segments. The gradual transition from 
region I to region II in this diagram (instead of a sudden 
step-like change) is due to cyclic fluctuations and to the 
variations between the individual segments. 
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Fig.2. Curves showing (a) mean peak voltage U, as a function of 
current |, and (b) relative mean burning time <= as a function of 
current /. 

A further criterion is provided by the duration of the 
arc, which can be defined as the time during which the 
contact voltage exceeds a certain limiting value. A 
limiting voltage of 10 V was chosen, this voltage being 
definitely higher than the value of about 5 V at which 
disruption of the last contact bridge occurs, and also 
distinctly below the lowest possible arc voltage, with arc 
extinction occurring at about 12:2 V. 

Ideally, the burning time 7 is zero at first, when no 
arc is produced, and then increases linearly with current. 
Measurements were taken of the mean value of arc 
duration for a group of segments connected together, 
the actual measurements being the relative mean value of 
are duration, or relative burning time tf, i.e., the mean 
value expressed as a fraction of the maximum possible 
time of contact between the brush and one commutator 
segment. Mean relative burning time t as a function of 
current J is shown in Fig. 2b. 


Limiting Values 

It may be noted that Lavrinovich! considered that 
the energy 4L/* stored in the stray inductance was the 
primary cause of contact rupture. He determined 
experimentally a curve similar to that in Fig. 2a and 
calculated from it the permissible amount of energy per 
unit length of the brush trailing edge that could be 
supplied during the passage of a segment. However, 
as already stated, this energy cannot be the decisive 
factor for the rupture of the last contact bridge and hence 
for arc initiation. 

Tests to verify this point have been carried out. In 
the first test, two of the three independent variables, i.e., 
the running speed n and the stray inductance L, were 
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Fig. 3. Mean values of peak voltage U, as functions of current / 
for various values of stray inductance L, at 6000 rpm. 
kept constant, and the current / was increased gradually, 
so as to obtain a curve of the type shown in Fig. 2a. 
Another such curve was then obtained for a different 
value of inductance L, and further curves were sub- 
sequently determined for other values of L, the results 
being reproduced in Fig. 3. From these curves, pairs of 
values of J and L were taken, corresponding to the 
limiting conditions beyond which arcing occurred, and 
the critical values of / were plotted against those of L, to 
obtain the curve of limiting values in Fig. 4, this curve 
being a hyperbola. Thus, it can be seen that, at a 
constant speed, the critical conditions are defined, witha 
fair degree of approximation, by the relation LI 
constant. Points below the curve in Fig. 4 represent 
arc-free conditions, while points above it are associated 
with arcing. 
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Fig. 4. Current | as a function of stray inductance L at 6000 rpm, 


At a constant running speed, therefore, the disruption 
of contact is determined by the time-integral of the 
voltage pulse (or by the flux ® — LJ). Thus, L and / are 
of equal importance, and in further tests it was found 
that measurements could be taken more rapidly by using 
J as a parameter and varying L. The curves obtained by 
either method at a given speed are situated on the same 
hyperbola. 

The measurements were then repeated at various 
running speeds n, the corresponding curves being shown 
in Fig. 5, each curve having a constant value of LI. If 
these characteristic ®-values are plotted against running 
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Fig. 5. Current / as a function of stray inductance L at different 
running speeds n. 
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Fig. 6. (left) Stray flux ® as a function of running 
speed 


Fig. 7. (above) Determination of the burning time T 
of the arc, showing (a) the jn sperms circuit, and (b) 
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speed over the range of speeds from 3000 to 10,000 rpm, 
the resulting curve is again a hyperbola (Fig. 6). This 
means that the values of the limiting conditions for 
arcing can be represented approximately by the relation 
Lin = constant. Now, the product L/n has the dimen- 
sions of a voltage, and, in this expression, the running 
speed n can be replaced by fs, which is the frequency 
[cps] at which the commutator segments pass the brush. 
For the brush tested, the limiting value of voltage Ux 
thus obtained is Ur = Lifs = 0:3 V. As fs = nS, where 
S is the number of commutator segments, it is possible 
to use, instead of the segment frequency fs, its reciprocal, 
ie., the time Ts required by a segment to pass under the 
edge of a brush. If, in addition, account is taken of the 
effective contacting time 7: by means of the relation 
Tc = BTs (with B< 1), the limiting voltage U,* is the 
mean value of the voltage pulse occurring during one 
contact separation, and can be expressed as 


U,* = LI/Tec 


Unfortunately, the ratio B = 7: /Ts is not known, 
since the mean tangential contact length is not deter- 
mined. Consequently, all that is possible is to indicate 
the limiting voltage U1, related to segment frequency fs, 
instead of the mean value U;,*. However, provided that 
measurements are made on the same machine with 
geometrically similar brushes, the results will be 
sufficiently informative. When contact disruption does 
not occur, it is certain that the peak value of the voltage 
pulse will rise steadily as the mean value is increased. The 
Physical limiting conditions will therefore also be valid 
for the peak value. 





























Duration of Flash-over 


During flash-over, the arc burns at a constant 
voltage®. Its burning period T can be calculated by 
neglecting for the time being the influence of the induced 
voltage in the coil, the influence of all the ohmic resist- 
ances in the circuit (including the inherent resistance of 
the contact), and the phenomenon of arc initiation. 

Fig. 7 shows the equivalent circuit of the contact 
OCTOBER, 
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time t. 


Fig. 8. (right) Relative burning time < of the arcasa 
function of running speed n for various values of stray 
inductance L, with a current | of 40A. 








during the burning period 7, the arc being initiated at 
time ¢ = 0 and extinguished at t = 7. The governing 
equation is 


L di/dt + U=0, 


so that di/dr U/L = constant <0, i.e., the current 
must decrease linearly from its initial value ig to zero. 
Fig. 7 shows its variation, the slope being di/dt ioT. 
With these expressions for di/dt, the burning period 
of the arc is thus obtained as 


T = Lie/U = ®2/U 


where iz is the initial current and ®2 is the magnetic flux 
at the beginning of flash-over. 

It can easily be shown that a small induced voltage E 
in the circuit may be taken into account by using a 
corrected value L’ = L[{1—(E/U)] for the inductance, 
and that, although an ohmic resistance in the circuit 
allows the current to decrease exponentially instead of 
linearly, it does not introduce any basic change. Both 
corrections do not alter the basic shape of the variation 
and have only little effect on the numerical values, so that 
they can safely be neglected. 

The flux ®2 destroyed in the arc can also be determined 
as 

M2 Mo —D,; 


where ®o = Lio is the flux at the beginning of commuta- 
tion, and ®; U./fs is the flux, dependent on speed, 
causing rupture of the contact. These relations give 


M2 = Lio—(UL/fs) 
which is valid even when U, is not constant, but is a 
function of ®; and fs. The burning period of an arc is 
then obtained as 


De l : UL 

— a (( Lio — =") 

U U fs 
whereas what is actually measured is the relative burning 
time t, which can be expressed as 


Lio ( UL 
le ne en 
fs U f Lio 


This latter relation was used as a basis for measurements 
of the relative burning time t. If Z and io are regarded as 
parameters, then t as a function of fs is a straight line, 
with a limiting value for fs of Ux/Lio at t= 90. Thus, 
the relative burning time t increases as the segment 
frequency fs increases. 
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Because of the nature of the phenomenon being 
measured, determination of the limiting curves was 
difficult and was associated with uncertainties. Endeav- 
Ours were therefore made to determine the limiting 
voltage pulse Uz, by means of the second method, i.e., by 
measurements of the mean relative burning time t. The 
results with this method showed a reduced amount of 
scatter and also seemed more easily reproducible. 

The procedure adopted was to use L and / as para- 
meters, with the relative burning time t measured as a 
function of running speed . The resulting curves, 
shown in Fig. 8, are substantially straight lines which 
approach the horizontal axis asymptotically in a transi- 
tion region which exists towards the lower running 
speeds. The straight-line portions can be extended 
downwards so as to intersect the axis of the abscissa; 
for each curve corresponding to the L/-value used as a 
parameter, the intersection then gives the limiting value of 
speed (or segment frequency fs) at which the onset of 
arcing occurs. 

By means of the relation Ur; = Lifs, the value of Ux 
can then be determined. The test points in the diagram 
of Ux plotted against flux ® LI lie approximately 
on a straight line. Again, L and / are of equal importance 
and it does not matter how the product is divided between 
these factors. The results definitely show, however, that 
Ux can be taken as constant only as a rough approxima- 
tion: in fact, the limiting voltage increases linearly with 
the stray flux ®. 

Thus, up to this stage, the limiting voltage Ux has 
been regarded as the product of the three parameters 
L, I, and fs which determine the onset of arcing condi- 
tions. Also, the results of measurements by the second 
method show that, as indicated in Fig. 9, there is a linear 
relation between U, and ®, which can be expressed as 


Uy; = OS +0; 


where f’ is the slope of the curve and U,,’ is its point of 
intersection with the ordinate. Since Pfs Us, the 
relation between the limiting commutation frequency /s 
of the segments and the flux ® can be expressed as 


fs =f’ + (U1'/®) 


from which it can be seen that, for large values of ®, fs is 
approximately equal to f’, but must always, in fact, be 
larger. Thus, from Fig. 9, the value of f’ is about 0-625, 
representing a frequency of 625 cps, since ® is plotted 
in mV-sec, whereas the true value of fs was a little under 
700 cps, corresponding to a running speed of about 
1480 rpm for the 28 segments of the particular commutator 
tested. 
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Fig. 9. Limiting value of voltage U, as a function of stray flux ?. 

The question arising in connection with these results 
by the second method is why U increases with®, or why 
the limiting value of segment frequency fs does not drop 
to zero when ® is increased to very large values. To 
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answer this question, it is necessary to consider once 
again the contact-separation process and its equivalent 
circuit (Fig. 10), which consists of a time-dependent 
contact resistance Rc, the stray inductance L, and an 
ohmic resistance r (representing the coil resistance and 
the resistance of the brush contacting the adjacent 
segment). If the value of the contact resistance Rc is 
made to rise very rapidly towards infinity from its 
initial value, then practically the entire flux ® — Lipo will 
be effective as a voltage pulse across Rv. However, the 
circuit has an electrical time-constant L (Rc + r), so 
that, if the contact-rupture process is now performed 
extremely slowly, the current will decrease from its 
initial value io following approximately an exponential 
law, before Rc can assume high values. As a result, 
there will be no rise in voltage across Rc, and no arc will 
be struck. Somewhere between these two extremes is 
the limit at which arc initiation just ceases to become 
possible. 


® r / 
Fig. 10. Equivalent circuit of < 
the contact-separation 
process. “as Re 


| wil 


The resistance r is not basically important, except that 
it accelerates the decay of current due to the initial value 
of Rc. If r were zero, the speed limit would be displaced 
upwards. A rough calculation based on the data of the 
simulated machine used in this investigation showed that 
the time-constant of the equivalent circuit shown in 
Fig. 10 is about equal to the contact-release time below 
which no commutation arcs occur. 

Admittedly, this study of the onset of arcing was made 
on a simulated machine, but its results have since been 
confirmed by tests determining brush wear on low-voltage 
machines with nominal voltages of 6 and 12 V. 

The investigation clearly shows that the mean value 
of the voltage pulse during contact interruption is the 
critical factor for contact rupture and arc initiation, 
because the stray flux of the commutating coil has to be 
dissipated. According to Kohlrausch® and Holm’, 
however, the voltage occurring at a contact is also 
associated with the maximum temperature at the hottest 
point of the contact. There is no contradiction in this 
fact since, from other studies of metallic contacts’, it is 
known that a contact will rupture at the hottest position, 
when it reaches approximately the vaporization tempera- 
ture of the material. 
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Experiences with a Radiation-Convection 


Recuperator for Hot-Blast Cupola Furnaces 


ALTHOUGH the basic concept of hot-blast introduction 
into cupola furnaces dates back over a hundred years, 
it is only now that hot-blast cupola furnaces are being 
installed on an increasing scale all over the world. One 
of the major factors militating against the change-over to 
hot-blast operation, particularly in the case of small and 
medium-size foundries, is the comparatively high capital 
cost of recuperators or other equipment required for the 
supply of hot blast. To overcome this problem, a 
combined radiation and convection recuperator of 
particularly simple design has been developed, installed, 
and tested in a Czechoslovak foundry. 

In this foundry, there are two cupola furnaces, each 
with an effective height of 5-1 metres and a diameter of 
0:8 m. The quantity of blast supplied through the 
tuyeres is 140 m® min per square metre of effective 
furnace cross-section. The recuperator is located 
between the two cupola furnaces, as shown in Fig. 1, but 
is, at present, connected to one cupola furnace only. In 
this arrangement, the combustion gases are taken off 
from a region immediately above the melting zone of the 
furnace, because the gases are comparatively clean in 
this region and their temperature is relatively constant. 
Moreover, this method of offtake does not require costly 
alterations in the layout of the furnaces. The gases are 
thus led through rectangular ducts (1), whose inlet 
section is situated 1-6 m above the level of the tuyeres. 
From these ducts the gases enter a circular refractory- 
lined shaft (2), where they are mixed with air, pass through 
the radiation and convection zone (3) of the recuperator, 
and are then exhausted through the stack (4). The cold 
blast is admitted to the recuperator from the air mains 
through a pipe (5), and, after being preheated to between 
360 and 400°C in the radiation and convection zone (3), 
is led via a pipe (6) to the row of tuyeres (7), whence 
it is blown into the melting zone of the cupola furnace. 

The volume and temperature of the gases admitted to 
the recuperator are controlled by a water-cooled damper, 
situated between duct (1) and shaft (2) and so designed 
as to prevent the escape of combustion gases into the 
atmosphere. In shaft (2), cold air supplied by blowers 
mixes with the combustion gases, the CO content of 
which burns almost completely to COz2 before the 
mixture enters the radiation and convection zones of the 
recuperator. The almost complete combustion of CO 
makes it possible to limit the volume of combustion 
gases required for blast preheating to between 25 and 
30°, of the total gas volume of the furnace, thus per- 
mitting 70 to 75°, of the combustion gases to be utilized 
for preheating the charge. 

The recuperator is capable of preheating the blast to a 
temperature of 400°C at a rate of 6000 m® hr, even after 
a dust layer of 0-6 mm in thickness has been deposited 
on the heat-transfer surfaces. The maximum tempera- 
ture of the gases entering the recuperator must not 
exceed 850°C; otherwise, fly-ash would melt and 
adhere to the heat-transfer surfaces of the recuperator, 
resulting in reduced efficiency. Similarly, the tempera- 
ture of the recuperator walls must be limited to 535°C in 
the convection part and to 510°C in the radiation part, 
these temperatures being sufficient to preheat the blast 
to the maximum rated temperature of 400°C. Normally, 
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By J. POLAK 
From Slevarenstvi, Czechoslovakia, 
Vol. 8, No. 7, July 1960, 
pp. 230-236, 9 illustrations. 


the combustion gases enter the offtake duct at 1000°C 
and, on entering the re-uperator, are mixed with cold air, 
so that their temperature is reduced to between 650 and 
700°C—sufficient to preheat the blast to about 370°C in 
2 hr. The gases leave the convection part of the 
recuperator at a temperature of between 220 and 240°C. 

The whole recuperator is of welded construction and 
is fabricated from boiler-quality steel plate, except in the 
case of the internal walls of the radiation section, which 
are made of heat-resisting steel. The main parts of the 
recuperator are made up of cylindrical segments, pressed 
sections being used only in the convection part. Since 
no castings are used in the construction of the recuperator, 
its production costs are low; however, all welds must 
be of an exceptionally high standard. 
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Fig. 1. Schematic arrangement of the combined radiation- 
convection recuperator. 


In selecting the measuring and control system for the 
recuperator, the main considerations were to ensure free- 
dom from breakdowns through overheating, maintenance 
of constant values for the preheated blast, and provision 
of the greatest possible degree of automatic operation. 
Measurements are taken at short intervals or continuously 
of the temperature of the combustion gases, walls of the 
recuperator, and blast. Close control is exercised over 
the blast temperature and over the temperature of the 
gases passing the recuperator by means of control valves 
which receive impulses from thermocouples situated 
at selected points on the recuperator and control the 
admission of air into the gas flow or blast. 

During the first 550 hr of operation with the new 
combined recuperator, the advantages of the installation 
have been conclusively proved. The output of the 
cupola furnace has been increased by 30°,, with a 
simultaneous reduction in coke consumption from 203 kg 
to 140 kg per ton of charge. Also, coke of inferior 
quality can be fed into the furnace without any deleterious 
effects. Hot-blast operation increases metal temperature 
at the spout by about 15 to 20°C, as a result of which the 
metal has better running properties, a finer grain struc- 
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ture, and improved mechanical characteristics. The 
sulphur content of the iron is decreased by about 15 to 
20°%, and the iron content of the slag by 25%. Owing 
to the fact that part of the combustion gases is taken off 
from the furnace, the strain on refractories is reduced, less 
fettling material is required, and a longer service life of 
the charging equipment can be expected. In addition, 
the production of fly-ash is also reduced, eliminating 


The Contamination by 


the need for water collectors above the cupola furnace. 

Although a full evaluation of all economic and 
technical advantages of this installation is not yet 
possible, it appears that the new recuperator, because 
of its simple design, comparatively small size, ease of 
installation and control, and low cost, is eminently suit- 
able as a means of changing over to hot-blast operation 
in most medium-size foundries. 


Abrasives of Precision 


Mechanical Devices 


By L. McD. SCHETKY 
From Product Engineering, U.S.A.., 
Vol. 31, No. 33, August 15, 1960, 
pp. 51-54, 4 illustrations. 


RECENT optical investigations of ground, lapped, or 
honed metal surfaces have shown that such surfaces are 
never adequately clean for the purpose of sliding, rotating, 
or oscillating against each other in precision mechanisms, 
such as gyroscope bearings, hydraulic actuators, control 
valves, and fuel-metering valves. Precision-machining 
methods always leave minute abrasive particles which 
cannot be removed by conventional cleaning methods 
and cannot be detected under a microscope using 
ordinary light, even at magnifications of » 200 and over. 
However, if the surfaces are viewed under polarized light in 
a dark field, the tiny abrasive particles appear as bright 
specks, measuring from 1 to 5 microns in diameter, and 
can eventually lead to a breakdown of the lubricant. 

The first evidence of trouble in precision mechanisms 
is usually an increase in the friction level, followed by 
slowed-down response, chatter, and finally seizing. 
Visual examination of the mating surfaces is the common 
diagnostic method, using a stereo-microscope at ~ 20 to 

~40 with a standard light source. This will reveal the 

first type of trouble, i.e., metal failure, caused by 
particles of metal, dust, lint, steel wool, and other 
materials which have contaminated the device at some 
time during manufacture, inspection, or assembly. 

The second type of trouble is lubricant breakdown, 
almost always characterized by the formation of a very 
heavy residue or varnish, which causes an increase in 
running friction. Clearly visible under ordinary illumina- 
tion, this resin-like substance is believed to be polymerized 
lubricant, as it cannot be dissolved in ordinary solvents. 

The question now arises as to what causes the 
lubricant to polymerize and turn gummy. The discovery, 
by polarized-light microscopy, of minute abrasive 
particles in the residue suggests that, when two super- 
finished surfaces move relative to each other, abrasion 
creates naked, oxide-free surfaces. These areas can act 
as catalytic agents for organic reactions, as research on 
sliding electrical contacts has shown. This phenomenon, 
together with high local temperatures, is believed to cause 
breakdown. 

At first, the polymer is soluble in the lubricant, which, 
as a result, becomes more viscous and causes friction to 
increase. This process continues until the lubricant 
supply is cut off either by clogging the supply ports or by 
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complete polymerization of all available oil. Failure of 
the mechanism is then imminent. 

Based on the effective number of particles present, 
their size, the sliding velocity, and the characteristics of 
the polymer formed, the time to complete breakdown 
can be calculated approximately. Although such time-to- 
failure calculations agree well with observed performance, 
it has not as yet been established whether the freshly 
exposed metal surfaces or the particles themselves are the 
agents of polymerization. What is known, however, is 
that lubricant deterioration occurs only when such 
particles are present. 

The most effective instrument for inspecting a suspect 
surface is a petrographic microscope, or a metallograph 
fitted with an adjustable polarizer. The field of view is 
darkened, after focusing, by means of the polarizer prism— 
as in photoelastic stress analysis. Surface particles then 
show up as bright white or coloured points of light, each 
“star” indicating contamination. It is true that ordinary 
dust and lint will glow to a certain degree under polarized 
light. However, abrasive residues from __ finishing 
operations show a distinct difference, i.e., they are 
transparent or translucent and have two distinct indices 
of refraction. Thus, the particles glow more brightly 
because the light beam becomes unpolarized in passing 
through them. Also, when the particle is rotated, the 
intensity of reflected light diminishes to zero every 90° as 
the two perpendicular planes of possible light trans- 
mission pass through the plane of polarization. 

Residual abrasive is usually present in two states, i.e., 
small particles mechanically embedded in the surface, and 
large particles simply held by electrostatic attraction. 
Neither type is removable by conventional cleaning 
techniques, including ordinary ultrasonic cleaning. 
Wiping can move the larger particles along the surface, 
but will not clean them off. Surface hardness has no 
significant influence on the amount of contamination. 
Hardened steels, nickel and copper alloys, and light 
alloys seem to be equally susceptible. The finishing 
process controls the particle size and also determines 
which method of attachment predominates, but it is not 
yet known which types of abrasive contaminate most. 

Present methods of grinding, lapping, and honing 
cannot be sufficiently altered to reduce contamination 
itself significantly. Unorthodox cleaning techniques can 
minimize the problem, once contamination has been 
detected. So far, only two cleaning systems have proven 
effective, these being nital and solvent cleaning, and 
ultrasonic cleaning with graded solvents. 
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The nital and solvent cleaning process consists of five 
operations, as follows:— 

(1) The finished parts are ultrasonically cleaned in 
xylene, and subsequently dried with filtered 
compressed air. 

The parts are scrubbed with a solution of 1% 
nitric acid in methanol, using optical-lens paper 
as scrubbing material. 

The parts are rinsed in methanol, and any 
residual acid rinsed in a sodium bicarbonate 
solution. 

(4) Operation (1) is repeated. 

(5) The parts are dipped into a bath consisting of 
equal parts of methanol and acetone to remove 
residual moisture. 

Nital cleaning is more effective where extreme 
cleanliness is required. However, in cases where the 
slight etching produced by nital is undesirable, the 
second process is effective, this process consisting of the 
following six steps:— 

(1) The finished parts are ultrasonically cleaned in 
xylene, and subsequently dried with filtered 
compressed air. 

(2) Operation (1) is repeated, but with Freon 113 asa 
solvent. 
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Operation (1) is repeated, but with methanol as a 
solvent. 

(4) Operation (1) is repeated. 

(5) Operation (3) is repeated. 

(6) The parts are dipped into a bath consisting of 
equal parts of methanol and acetone to remove 
residual moisture. 

Both processes require very careful filtering methods, 
including the use of micro-pore filters which, themselves, 
must not form a source of contamination. Also, 
lubricants or wrappings used to protect the cleaned parts 
must be very clean to prevent recontamination. 

Despite the development of effective cleaning 
techniques, research is continuing in an attempt to find 
the answers to various important questions. Among 
these are the kind of cutting abrasive which causes the 
least contamination problem; the kind of finishing 
process, or combination of processes, leaving the least 
residue; the mode of operation, i.e., rolling or sliding, 
which causes the least damage when particles are present; 
corroboration or otherwise of the “‘naked-metal’’ theory 
of lubricant failure; the effect of the nital etch cleaning 
process on subsequent performance of the parts; and 
possible improvements in the techniques for production 
quality control and cleaning. 


A Study of Supersonic Combustion 


By R. A. Gross and W. CHINITZ 
From Journal of the Aero, Space Sciences, U.S.A., Vol. 27, No. 7, July 1960, pp. 517-524, 534, 18 illustrations. 


The object of the research work reported in this paper was to explore ways and means of releasing 
chemical energy in supersonic flow under steady conditions and to measure and interpret the resulting 
phenomena. The experiments were carried out in a high-temperature, steady-flow Mach-3 wind-tunnel 


with a fixed rectangular geometry and a test section of approximately 3 in. 


6 in., using hydrogen-air 


or methane-air as fuel and oxidizer. 


Theoretical Considerations 
Plain Waves 


The theoretical prediction of the gas-dynamic 
properties of detonation waves is well known and is 
limited to the extent to which high-temperature thermo- 
dynamic properties are known. Fig. 1 shows the 
different types of solutions to the one-dimensional, 
steady-flow equations of motion. On the approach flow, 
point 5 on the Mach-3 line M; 3 (the subscript 1 
denoting upstream of wave) represents a plain shock 
wave, and point 10 is the singular point or the Chapman- 
Jouguet solution. This latter point is characterized by 
the fact that the product Mach number M2 — 0 (the 
subscript 2 denoting downstream of wave). Exothermal 
plain waves at M, 3 are confined between point 5 
(plain shock) and point 8. Point 6 is a typical strong 
detonation (M2<1) and point 7 is a weak detonation 
(M2>1). @ is Damkohler’s second parameter and 
is the ratio of the heat added to the flow to the initial 
enthalpy of the flow. The curve which contains the 
singular point represents the maximum value of © that 
can be added to the flow at the given approach Mach 
number M,. 

In shock or detonation tubes, detonation is always 
found to move with a velocity corresponding very 
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closely to the Chapman-Jouguet condition. The use of 
supersonic tunnels and jets has produced the appropriate 
boundary conditions which permit the stabilization of 
strong detonations. Weak detonations, although thermo- 
dynamically feasible, have not been observed and are 
generally thought to be unstable. 


Oblique Waves 


The properties of oblique steady detonations have 
been analysed by various investigators. Basically, the 
solutions are similar to the classical shock polar, but, in 
detonation, a family of solutions exist because of the 
additional parameter of heat addition 0. Fig. 2 shows 
the predicted properties of a steady oblique detonation 
wave at the initial or approach Mach number of 3. The 
wave angle o is a function of the streamline deflection 
angle 5 and the Damkohler parameter 0. The dotted 
line separates the region of strong detonations from weak 
detonations. In two-dimensional flow, this analogue to 
the Chapman-Jouguet point is the condition where the 
normal component of the velocity vector of the flow 
leaving the wave is sonic. Fig. 2 describes the expected 
behaviour of an oblique detonation wave such as might 
be formed by placing a wedge of given angle in a Mach-3 
stream. There are, of course, many conditions where 
steady two-dimensional solutions do not exist. For 
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Fig. 1. One-dimensional steady flow with heat addition. 
Point 1: Simple subsonic combustion 


Point 2: Expansion shock and combustion 

Point 3: Expansion shock 

Point 4: Compression shock and heat withdrawa! 
Point 5: Compression shock 


Point 7: Combustion, no shock 
Point 8: Nothing happens 
Point 9: Heat withdrawal, no shock 
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Point 6: Compression shock and combustion 
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Point 10: Chapman-Jouguet point 
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Fig.2. Theoretical properties of oblique detonation waves with 
an initial Mach number of 3. 


example, values of @ above about 1-5 do not provide 
steady solutions at Mach 3. 


Experimental Results 


Ignition conditions are a function of temperature, 
pressure, and fuel-air ratio. Ata static pressure of about 
2 atm, there is general agreement in the literature that a 
temperature above about 1150°F is required for thermal 
ignition. Slightly below this temperature, a mixture of 
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hydrogen and oxygen can be kept for several seconds, 
and possibly longer, without any evidence of combustion. 

In the authors’ experiments, two side-wall wedges were 
placed in the supersonic wind-tunnel, these wedges having 
such geometry as to generate a Mach reflected shock 
pattern in the test section. The approach flow was Mach 
3-15 and the Schlieren photograph shown in Fig. 3 clearly 
indicates this wave pattern. The region between slip 
streamlines (shown dotted) and downstream of the small 
normal shock, contains fluid whose static temperature is 
96°, of the plenum or inlet total temperature. For an 
inlet total pressure of 110 psia, this slipstream-bounded 
region has a static pressure of about 2 atm. Conse- 
quently, if the inlet stagnation temperature is brought to 
about 1400°F, conditions under which a hydrogen-air 





Fig. 3. Schlieren photograph of a Mach reflected shock, with an 
approach flow of Mach 3-15. 
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Fig. 4. Flow properties at the wind-tunnel centre-line. 
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mixture should ignite will prevail in this region. 

Provisions were made to inject hydrogen from a small 
orifice axially located a short distance upstream of the 
tunnel throat. When hydrogen is injected, it starts to 
diffuse and spread as it is swept downstream towards 
the test section. The hydrogen diffusing into the air 
experiences a static pressure and temperature as shown 
in Fig. 4, in which po and 7» refer to initial pressure and 
temperature respectively. 
Plain Waves 

When hydrogen is added and the tunnel inlet stagnation 
conditions are brought to 1400°F, and 110 psia, the wave 
shape suddenly changes. The normal section of the 
wave grows in size and moves upstream to a new stable 
position. Downstream, temperatures are considerably 
above the inlet stagnation tunnel temperature. Changing 
the amount of hydrogen injected causes a change in the 
size of the normal wave and its axial location. An 
increase in fuel flow (i.e., an increase in Q) causes the 
normal wave to increase in size and move upstream to a 
new stable location, while the downstream total tempera- 
ture rises. Fig. 5, which is based on a series of 
Schlieren photographs, shows these new wave patterns 
and indicates their shape, size, and axial location in the 
Mach-3-15 test section. The O-values shown with the 
test data correspond to the test-section centre-line value. 
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Fig. 5. Shape, sizc, and location of the wave pattern in the 
ach-3.15 test section. 


Xa axial location of detonation 
P axial location of reflected light 
Ya vertical wave height of detonation 
Ys vertical wave height of normal shock 
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These exothermal waves are quite steady and repro- 
ducible. The flow field just downstream of the wave is 
subsonic and in correct agreement with the values 
theoretically required for strong detonations. As could 
be expected, the fuel-air distribution in the test section, 
determined by extracting gaseous samples and analysing 
them in a mass spectrometer, assumes a shape like that of 
a diffusion pattern from an upstream point source. The 
maximum fuel-air ratio is close to the tunnel axis and 
decreases towards the tunnel walls. Under conditions of 
small fuel flow, the fuel concentration in the wall boun- 
dary layers of the test section is negligible. 

The measured temperature profile a short distance 
downstream of a standing detonation wave is shown in 
Fig. 6. The profiles are taken parallel to the wave and 
therefore transverse to the direction of flow. The 
temperature distributions, as expected, look similar to the 
fuel-air distribution. Since the detonation-wave front in 
the Schlieren photographs is remarkably plain, the 
properties measured downstream can be compared with 
one-dimensional steady-flow theory. All the initial or 
upstream conditions are known from measured values, 
i.e., Mach number, pressure, temperature, fuel air ratio, 
etc. The total temperature and total pressure com- 
parisons between theoretically predicted and experimental 
values are shown in Figs. 7 and 8, from which it can be 
seen that, in general, agreement is good. Any dis- 
crepancies between theory and experiment can largely be 
attributed to the fact that the measuring probes were at 
different distances downstream of the wave, and diffusion 
in the resulting shear flow produced changes from 
conditions immediately behind the wave. 


TOTAL TEMPERATURE, °F 








DISTANCE FROM TUNNEL CENTRE-LINE, in 


Fig.6. Vertical temperature profile behind the detonation wave 
for an initial temperature of 1060°F. and an initial pressure of 
110 psia. 

From Schlieren photographs, the wave appears to be 
rather thin, of the order of } in., in the direction of flow. 
In fact, the wave may be much thinner, and the photo- 
graphic evidence of a }-in. thickness may include sizable 
end (i.e., side) effects. Axial traverses with a small probe 
through the wave indicated that the wave may be as thin 
as 0-1 in. Sodium salt, added to the upstream flow, 
generated light immediately at the wave front. There 


appeared to be no measurable separation between a 
possible shock wave and the onset of chemical reaction. 
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Fig. 7. Total temperature ratio of the detonation wave for an 
initial temperature of 1000°F. and an initial pressure of 110 psia. 
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Fig. 8. Total pressure ratio of the detonation wave for an initial 
temperature of 1000°F. and an initial pressure of 110 psia, with 
a Mach number of 3°15. 

The experimental probe and photographic evidence point 
to a very thin (compared to the wave height), remarkably 
flat, steady wave, whose properties, measured locally, 

agree rather well with those predicted by theory. 
Samples of the gas extracted from downstream of the 

wave and analysed by means of a mass spectrometer 

indicate that the gas products contain only infinitesimal 
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amounts of unburnt fuel. Although sampling techniques 
are difficult because of the possibility of further chemical 
reactions taking place within the probe, combustion 
efficiencies by the gaseous sampling technique always 
indicated an efficiency of about 99%. 

Static pressures along the tunnel axis showed no 
indication of upstream combustion. There was also no 
measurable increase in the heat transfer to the upstream 
tunnel walls. High-speed Schlieren motion pictures were 
taken of the transformation from the Mach reflected 
shock pattern to the detonation-wave configuration. 
The change takes place in a period of the order of 10 
milliseconds and progresses in a smooth, orderly fashion 
from one configuration to the other. There was no 
evidence of upstream propagation beyond the detonation- 
wave position. 

The authors also conducted tests in which, after the 
establishment of the standing detonation wave, the inlet 
total temperature was reduced. This reduces the 
temperature of the flow immediately upstream of the 
wave. Under a wide variety of conditions, the detonation 
was able to sustain itself. Thus, once ignited by a high 
temperature (1400°F inlet stagnation temperature), the 
detonation was able to support combustion and would 
continue to do so for inlet temperatures as low as 200°F, 
the lower limit of the equipment available, corresponding 
to a prewave static temperature of —240°F. The degree 
to which the inlet temperature can be reduced and 
detonative combustion sustained is a function of 0. The 
experimental regions of this so-called detonation ignition 
hysteresis effect are shown in Fig. 9. These experiments 
were repeated many times with considerable care. The 
walls were cool and could not serve as an ignition source. 
The possibility of hot products of combustion recirculat- 
ing and thereby sustaining combustion was considered, 
but was ruled out when experiments were performed in 
which these products were several hundred degrees below 
the thermal ignition temperature. Thus, nowhere in the 
entire flow field was there a temperature sufficient to 
cause ignition, and yet the detonation was able to sustain 
itself. It is possible that a chemical reaction, recently 
discovered to take place at the fuel injector, is responsible 
for this ignition hysteresis effect. It should also be noted 
that similar ignition hysteresis results were found with 
methane and air, although the numerical data are 
different. Ignition hysteresis permits the addition of fuel 
far upstream of the tunnel throat (after the detonation is 
started and the temperature reduced to below 1400°F), 
resulting in premixing of fuel and air. 

It was interesting to note, during experiments in which 
the inlet temperature was reduced and the fuel-air ratio 
maintained constant, that the size of the detonation wave 
increased in much the same fashion as when the tempera- 
ture was maintained constant and the fuel-air ratio 
increased. Inlet-temperature reduction increases Q, 

Damkohler’s second parameter, just as would an increase 
in fuel-air ratio. Thus, the dimensionless parameter 0 
appears to play an important role in the flow field and is 
perhaps a better choice of independent parameter than the 
more frequently employed equivalence ratio or fuel-air 
ratio. 


Oblique Waves 

A single 30° wedge was placed in the supersonic test 
section. The corresponding shock-wave angle was 52°, 
and the flow immediately downstream of the shock 
was at a Mach number of 1-4. Fuel was introduced from 
the upstream orifice, and diffusing fuel and air swept 
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through the oblique shock wave in the tunnel. When 
the inlet stagnation temperature was raised to about 
2000°F, the oblique wave increased its angle, downstream 
instrumentation indicating combustion. An increase in 
fuel flow increased the wave angle. These oblique 
detonation waves proved to be quite steady and repro- 
ducible, and have plain fronts, a remarkable fact when it 
is recalled that the fuel-air profile was non-uniform and 
of the type that generated the temperature profiles in 
Fig. 6. 

In another experiment, a smaller, single wedge was 
used to produce an oblique shock, and the fuel was intro- 
duced just upstream of the throat under conditions where 
no appreciable fuel touched the wedge. Under these 
conditions, an oblique detonation was formed, but was 
confined to the central flow region of the tunnel. An 
oblique shock wave resulted from the wedge, which, on 
extending into the combustible flow region, formed an 
oblique detonation. These free-stream oblique detona- 
tion waves completely eliminate the possibility of wall 
catalytic effects from the experiment. 
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Fig. 9. Ignition hysteresis effect of detonation waves. 


Oblique detonations also exhibit the ignition 
hysteresis effect found with the normal waves. Thus, 
although an initial inlet stagnation temperature of nearly 
2000°F is required initially to ignite oblique waves, once 
a detonation is established the inlet temperature can be 
reduced to approximately 1500°F, and the combustion 
will sustain itself. The amount by which the inlet total 
temperature can be reduced is a function of Q, and is 
similar in shape to that shown in Fig. 9 for plain waves. 
These oblique detonation waves can even be sustained 
when the flow behind the wave is also supersonic, and 
thus indicate truly supersonic combustion. They are 
Steady and reproducible, and their general behaviour is 
similar to that predicted by theory and shown in Fig. 2. 


Summary of Results and Applications 


(a) Plain and oblique detonation waves, generated in 
a high-temperature supersonic tunnel, using hydrogen- 
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air and methane-air mixtures as fuel and oxidizer, are 
steady, stable, and reproducible. 

(b) The local properties across the waves are in general 
agreement with one-dimensional detonation theory. It 
is possible to exceed the Chapman-Jouguet condition 
locally (i.e., exceed the maximum temperature ratio for 
one-dimensional steady flow), but this is thought to be 
the result of local three-dimensional effects. 

(c) The initial thermal ignition conditions agree well 
with data previously published in the literature and 
obtained in both static and flowing systems. 

(d) The waves are very thin compared with their 
height, and the combustion efficiency is nearly 100% a 
short distance (4 in.) downstream of the wave. 

(e) The transformation from the shock to detonation 
wave takes place in a time of the order of 10 millisec. 

(f) Combustion is sustained with oblique detonations 
where the entire flow field is supersonic. 

(g) The detonation-wave fronts are remarkably 
straight, despite sizable transverse gradients in the in- 
flowing fuel-air distribution. 

(h) The wave position and wave size are functions of 
O (Damkohler’s second parameter). This appears to be 
an excellent experimental independent parameter. 

(i) An ignition hysteresis can be observed, i.e., once the 
detonation is established, the upstream temperature 
can be greatly reduced and the detonation continues to 
sustain combustion. This applies to both normal and 
oblique detonations and with hydrogen-air as well as 
methane-air mixtures. The hysteresis ignition effect 
strongly implies that transport mechanisms within the 
wave itself are important once the combustion process 
has been initiated. Therefore, the von Neumann- 
Zeldovich type of analysis, which considers the interior of 
the wave to consist of a pure shock wave followed by 
chemical reaction in the high-temperature shocked gas 
(with zero transport properties), is too simple. However, 
the results reported here do support the recent theoretical 
work of Hirschfelder ef al,. who claim that transport 
properties within a detonation wave are important. 

The demonstration of these waves, along with their 
measured properties, opens up interesting applications of 
these phenomena. Thus, hypersonic air-breathing 
propulsion systems employing this form of energy 
release have already been studied. Because of the 
ignition hysteresis effect, the wave may be stabilized 
within an engine over a very wide range of flight speeds, 
altitudes, and fuel-flow rates. 

The possibility of new chemical production methods 
is suggested. Mixing of reactive chemicals in gaseous 
form at supersonic speeds (when the static temperature 
is low), and then permitting the reaction to occur via a 
standing detonation at precisely the time and position 
desired, is possible. Some chemical process plants have 
not been built for fear of detonation and subsequent 
destruction of vast and expensive equipment. Controlled 
detonation permits the new design of such plants. 

Finally, these phenomena should prove a powerful 
tool in the fundamental study of chemical kinetics. 
Basically, a chemical system is exposed to a step function 
in pressure and temperature. A major molecular change 
in the mixture results from this change in conditions. 
This takes place continuously and at a fixed point in 
space. Consequently, absorption and emission spectro- 
graphic techniques can be employed to search for the 
detailed molecular changes such as_ chain-making, 
chain-breaking steps, etc. Preliminary spectroscopic 
work has already produced some encouraging results. 
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Land’s Theory of Colour Perception and its 


Implications 


By D. A. Corkey and B. J. SIMON 
From The Cornell Engineer, U.S.A., 
Vol. 25, No. 8, May 1960, 
pp 14-18, 5 illustrations. 


COLouR in pigment and colour in light are obtained in 
different ways. Pigment colour is obtained by the use of 
“‘subtractive’” primaries, generally blue, yellow, and red, 
combinations of which in various concentrations give all 
the other hues, while a combination of all three gives 
black. Colour in lights is obtained by using ‘“‘additive” 
primaries, i.e., blue, red, and green, which can be com- 
bined to give all other colours, while a combination of all 
three produces white. 

The nature of colour has long been the subject of 
numerous speculations and theories, but the first theory 
of three primary colours was advanced by Lomonosov, 
though it was not widely accepted. In 1856, Helmholtz 
expanded the findings of Young in connection with the 
physiological effects of colour on the retina into what is 
now known as the Young-Helmholtz theory of colour 
vision. According to this theory, three sets of receptors 
in the eye are stimulated to different degrees by each 
wavelength of the visible spectrum, mixtures of these 
wavelengths stimulating receptors so that certain 
predictable colours will be observed. The Young- 
Helmholtz theory states that there are three primary 
colours, i.e., red, blue-green, and blue. White is a 
composite of the three primaries, and black is the 
absence of all colour. Almost any other colour can be 
produced by mixing the primaries in different concentra- 
tions. 

As is well known, pictures in full colour can be 
reproduced by making black-and-white photographs of 
the same scene through red, blue, and green filters 
respectively. If these photographs are projected through 
the filters through which they were made, and are 
superimposed upon each other on a screen, a true, 
full-colour reproduction of the original scene will be 
observed. In 1855, Maxwell produced the first colour 
photograph using this method, and the principle is used 
to-day in a more sophisticated form in modern colour 
film, three layers of emulsion being placed on the same 
strip of film, each recording one of the three primary 
colours. 

In 1914, Fox and Hickey experimented with motion 
pictures in which alternate frames of black-and-white 
film were shot through a red filter and through no filter 
and then projected in the same way. The image seen 
contained a full gamut of colour, contrary to the Young- 
Helmholtz theory, but the extra colours were attributed 
to eye fatigue or some trick of the eyes, and no further 
investigation was undertaken. 

Based on a series of experiments some five years ago 
which seemed to shake the foundations of classical colour 
theory and which subsequently received wide popular 
attention, a new theory of colour perception has been 
advanced by Dr. Edwin H. Land, perhaps better known 
as the inventor of the ‘‘Polaroid’’ camera. By using 
apparatus similar to that used by Maxwell, he discovered 
that, if the blue projector was turned off and the red and 
green left on, a full-colour reproduction still remained. 


96 


Land then entered on an extensive series of experiments 
to determine what pairs of filters would give full-colour 
pictures, and developed a camera in which the image is 
cast simultaneously on two different sheets of film. Any 
desired filters can be placed in front of the sheets to 
produce the two necessary pictures. The positive 
transparencies produced are projected in two beams of 
different monochromatic light, with the beam of longer 
wavelength through the transparency taken with the 


-longer-wavelength filter. This picture is called the 


“long record”, and the other the “short record”. 

Contrary to what might be expected, the colours 
of the original scene will be observed just as certainly, 
even if the projection filter colours are not the same as 
those used when the picture was made. In general, the 
only requirement for success of the process is that the 
long record be projected with the light of longer wave- 
length. However, this rule does not hold in one small 
special area of the spectrum, in which the long and short 
records must be interchanged to produce the original 
colours. 

The visible spectrum ranges from 4000 to 7000 A. 
Incredible as it may seem, in certain regions of the 
spectrum the long- and short-wave light sources need 
differ by only 100 A in order for the eye to perceive the 
full range of spectral colours in the projected picture. 

Actually, bands, rather than single wavelengths, are 
passed by filters, though Land has used more sophisticated 
experimental equipment to produce bands of any desired 
width. He has discovered that the width of the bands is 
not of great importance. In fact, one of the two bands 
can be so wide as to include the entire visible spectrum. 
In other words, unfiltered white light can be used as one 
of the projector light-sources, and, in fact, Land 
frequently uses red and white as the two projection 
colours. 

If the projectors are turned on before the trans- 
parencies are inserted, the screen will, of course, appear 
pink. However, as soon as the appropriate transparencies 
are placed in the projectors, the observer does not see 
pink, but the entire range of spectral colours, as they 
existed in the original scene. All that the transparencies 
do is to introduce random variations in the relative 
intensities of red and white light striking the screen. 
Thus, it can be appreciated that the random point-to- 
point variation in the relative intensities of the two 
colours projected on the screen is all the information that 
the eye and mind need in order to perceive the entire 
visible spectrum. 

Suppose that the variations are not random, and that 
a neutral wedge filter is introduced into each projector to 
reduce the intensities of the projected beams gradually 
from full brightness to no light at all. If a wedge is 
inserted into the red projector horizontally and into the 
white projector vertically, and the beams are superim- 
posed upon each other, a wide range of point-to-point 
variation in the relative intensities of the two colours will 
be produced. The variation, however, will be regular, 
and only the range of reds and pinks expected under 
classical colour theory will be observed. 

Thus, it appears that the random variation occurring 

(Concluded on page 121) 
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THE object of this article is to set out formulae for the 
calculation of the power output of turbocharged four- 
stroke engines at various altitudes above sea-level, and 
also to provide a method for determining all the operating 
conditions of the engine at the particular altitude 
considered, including the running speed of the turbo- 
charger. This investigation is based on measurements 
carried out with turbocharged four-stroke engines, 
tested in Europe and overseas, at standard ground level 
and at various altitudes. 


Brake Mean Effective Pressure and Specific Fuel 
Consumption 
The basic equations for the rating of diesel engines!-* 
under different ambient conditions are as follows: 
The brake mean effective pressure pe at the altitude 
considered is 


Pe peo {l (AB tmo)] .. , ea (1) 


and the specific fuel consumption is 


h, beo (k 4mo B) [A l (Gmo B)| ee (2) 
The subscript 0 denotes standard ground-level conditions, 
fm is the mechanical efficiency of the engine, A l k, 


B = 1—4a, the values of a and k being determined as 
indicated below. 

These equations are based on the justifiable assump- 
tion that the frictional mean effective pressure py consists 
of a fixed part pri, and a variable part py2 approximately 
proportional to the mean indicated pressure p;. Thus, 

Pr pr Pro pyr + @ pi ae i (3) 
where & is a proportionality factor. As p; is proportional 
to the charging pressure when the excess-air coefficient, 
is constant, pr2 is proportional to external pressure or to 
boost pressure. For the range of speeds N between 250 
and 800 rpm, tests with various engines indicate that a 
can be expressed approximately as 


55-6 + 21°8 : (4) 
( ———_ , Hare SS ein 
F900 [556 ( 7000) | 


At this stage, it is convenient to inroduce an “‘altitude 
exponent” #7, empirically determined as 
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The High-Altitude Behaviour of Turbocharged 
Four-Stroke Diesel Engines 
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air. In this equation 
PL > p— pwr (mm Hg] and pro — po — Pwro 

where px = partial pressure of dry air at altitude 
conditions (pressure p, temperature /, relative humidity @), 
and pio = partial pressure of dry air under standard 
ground-level conditions with to — 20°C and @o = 60°,. 

The value of atmospheric pressure p at a correspond- 
ing height A above sea-level is given in Fig. 1, while 
values of water-vapour pressure p,,, are given in Fig. 2 
as functions of temperature ¢ and relative humidity 9. 

The m-values were determined from measurements, 
at various altitudes, of the power output of medium-speed 
diesel engines. The limiting value of power was deter- 
mined from the thermal loading capacity and the excess- 
air coefficient. The engines available had, under 
standard ground-level conditions, turbocharger speeds 
and exhaust-gas temperatures which provided a usable 
margin for high-altitude performance. The power 
outputs were evaluated from the measured torque and 
were converted to equivalent values at standard ground 
level. The results, in terms of mean effective pressures 
Pe and peo, can be expressed as 


l h 
e Peo —— ‘75 1) <A 7 
Pe/p 100 98 6 ( a (7) 


This determines the influence on m.e.p. due to altitude 
only. 

As regards temperature (see eq. (6)), T — 273-2 — ¢, 
To — 293-2 “K, and the exponent n — 0-80, a value 
which, for the purpose of calculating A, can be assumed 
to be constant. 

At any altitude, the state of the charge pe and fx is 
determined by the resistance characteristics of the 
particular engine at a specified speed, and by the speed of 
the turbocharger, the latter being a function of the 
volume of exhaust gas and its state at the turbine inlet. 
Consequently, to calculate the boost pressure and the 
turbocharger speed, it is essential to determine as 
accurately as possible the state of the exhaust gas at 
altitude, this state depending mainly on charging pressure 
and temperature. 





where h altitude [metres]. With this exponent Let subscript 1 denote the state of the air at the 
k m (To TY (6) compressor inlet, subscript 2 that at the compressor exit, 
(pi/pioy™ (Lo/T)” .. ai ii and E the state at the inlet to the engine cylinder (without 
for turbocharged engines without cooling of the charging charging-air cooling, state 2 = state EF); also, let 
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subscript I denote the state of the exhaust gas at the 
turbine inlet and subscript II that at the turbine outlet. 
The relation between the attainable boost-pressure ratio 

p2/p, and the pressure ratio pir/pt produced in the 
xhaust-gas turbine? is: 


p2/pi = i[l — (prr/pr)"] (1/8) + 1 se (8) 
where r = (y’ 1)/y’, the adiabatic exponent for the 
exhaust gas y’ being approximately 1-33, s ¥/(y—1), 
the adiabatic exponent for air y being approximately 
1-4, and 


t =(71/T1) gryqc = (Te/T*) qr HK of (8a) 
where yr and jc denote turbine and compressor efficiency 
respectively. 

Also, 
6 {AvLmin/(AvLmin + 1)} (s/r) (R/R’) ... (9) 


where Lmin is the stoichiometric air/fuel ratio (14:3 
kg/kg), R/R’ is the ratio of gas constants (approximately 
unity), and A, is the excess-air ratio. 
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Fig. 3. Air-flow rate, compressor pressure ratio, turbocharger 

speed, exhaust-gas temperature at turbine inlet, and specific 

fuel consumption as functions of charging-air temperature at a 
constant load. 


The mean exhaust-gas temperature f; at the turbine 
inlet is a function of pe, te, N, pe, and valve overlap. At 
constant speed, and with a constant valve overlap 
tr = f (pe, te, Pe). 

The influence of the proportion of scavenge air can 
be disregarded, since this changes only very little with the 
air-flow rate G,, even with a marked increase in charging- 
air temperature (Fig. 3). If the speed and load are kept 
constant at standard ground level and at the altitude 





considered, so that the quantity of heat to be carried 
away is approximately the same, the exhaust-gas tem- 
perature at the turbine inlet will rise, because the charging 
pressure, and hence the quantity of exhaust gas, decrease. 

A further effect on fr is due firstly to the increasing 
charging-air temperature (particularly if no intercooler is 
used) because of the higher pressure ratio reached in the 
blower at higher altitudes, and secondly to changed 
conditions at the intake. All these influences can be 
expressed by the equation 


tI x tio + y (te — t’zo) (°C].. - (10) 


where f1 is the mean exhaust-gas temperature at mean 
effective pressure pe at the altitude condition considered 
(p, t, @), t’10 is the mean exhaust-gas temperature at mean 
effective pressure p’eo = pe under standard ground-level 
conditions (po, to, go) determined from engine charac- 
teristics, ‘z is the charging-air temperature related to 1, 
and ¢’zo is the charging-air temperature related to f’to. 
The curves for the exhaust-gas temperature parameters 
x and y, given in Figs. 4 and 5, are based on tests of 
medium-speed four-stroke diesel engines carried out at a 
constant running speed and air-intake temperature, each 
curve thus being valid for a constant output. The 
pressure ratio pr p’ ro is used as a basis, pe and p’ ro being 
the charging pressures [atm abs] corresponding to fz and 
I &O. 
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Fig. 6. Temperature factor < for four-stroke medium-s peed 
diesel) engines as a function of temperature difference \t 


When intercooling is used, eq. (10) is modified 
accordingly and, with f replaced by fi- (c denoting 
intercooling), becomes 


ian, tT Ico C (tz t’20) ee P (10a) 


for which the values of C, based on measured results, are 
given in Fig. 6. The C-values decrease as the temperature 
difference Af f2~- f’20 increases, because the heat 
transfer in the intercooler is better when temperature 
differences are great. 


13 16 
? 
, lt 15 of+7 
oO. 

* tt Fig. 4. (left) Exhaust-gas temperature V, 4 
parameter x and pressure parameter ~« 6 14btl-e4 gy a7 | 
for turbocharged medium-speed four- / nc 

10} stroke diese! engines as functions of brake y yi yi VA 
mean effective pressure and charping- See +f oa p- 
pressure ratio. 15+ 10 t ar 3 71 
09} ; y 
P i 
12:09 + 1 ff ' 
08 | Fig. 5. (right) Exhaust-gas temperature te 4 / PL 

4 parameter y and pressure parameter y; as y ae 4 
functions of brake mean effective pressure / Ps 

of 07! | Ee and charging-air temperature difference. Vl er, —e 

A 
oe 
06 ; : 10 
I 09 08 07 0 4 8 12 16 20 
Pe /Pe, > Ate [°c] —= 
98 THE ENGINEERS’ DIGEST 











ex 


wl 


wi 


th 


ne 


wl 


Fi, 


ol 


C 














If the state of the charge at the beginning of com- 
pression is regarded as approximately equal to the 
external ambient state, then 


To T — (p2 p)4, and T’20 To — (p’20/po)4 
where gq (n* 1) n*, and n* — polytropic exponent. 
Therefore, 

To P*2G/To Tel. - a (11) 


where 7 *2 T’20 (p2 py p’20 po). 

At a constant engine speed and output, 7*»2 is greater 
than 720, if the effect of the change in charging-pressure 
ratio (Fig. 3) on the temperature of the air charge is 
neglected. The value of 7*2 can be determined from Fig. 7, 
bearing in mind that subscript F replaces subscript 2 
when an intercooler is used. 
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Fig.7. Relation between the ratio of compressor pressure ratio 
at altitude and at ground level as a function of altitude, based on 
an increasing compressor speed to maintain constant brake 
mean effective pressure and on a constant intake temperature 
and humidity. 

The mean exhaust-gas pressure at the turbine inlet is 

obtainable from 


pi = p’eo (x1 + 1 1) [atm abs] site (12) 


and the experimental curves for x; and 4; given in 
Figs. 4. and 5. As can be expected, p1 depends to a much 
greater extent on the charging pressure than on the 
charging-air temperature. 

The turbocharger coefficient t, as defined by eq. (8a), 
is mainly influenced by the product 477%: for diesel 
turbocharging systems, t varies from 1:3 to 1-6, but 
should be calculated, at least approximately, for the 
Operating point at the altitude considered, before being 
used in eq. (8). 

The parameter 6, with ¥ 1:33 and Lyin 14-3, 
can be calculated for various values of A, as follows: 


a 1-6 1:8 2:0 Fa 2 


6 0-835 0-837 0-841 0-845 


With these results, p2 p: can be plotted as a function of 


pi pi, with t as a parameter; the resulting curves are 
given in Fig. 8. 


Turbocharger Speed at Altitude 


The loss in power output of the engine with increasing 
altitudes is assumed to be independent of the external 
State (since it is presupposed that there is a sufficient 
margin for altitude as regards compressor speed and 
exhaust-gas temperature at the turbine inlet), but 
dependent on the state of the charge, as long as the 
turbocharger reacts to increased altitude by an increase 
in speed. 

_ A higher turbocharger speed corresponds to an 
increase in the adiabatic heat drop Haar used by the 
turbine, which again depends on pir/pr and 1. Thus, 
there exists a maximum permissible heat drop at a 
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Fig. 8. Attainable charging-pressure ratio as a function of the 
turbine pressure ratio and the turbine parameter +t. 


critical altitude corresponding to the maximum per- 
missible turbine speed. 

As can be seen from Fig. 9, the general equation for 
the peripheral speed u [m/sec] of the turbine impeller 
can be expressed as 


u— cycos a) + (wi? — «12 + e12cos ai)? .. (13) 


With ¢) Mico V 1—-D aco, and w} 
the relationship obtained is 


aco sin @ 1/sinB; 


u— aco (cos a sin a1 cot Bi) 


where co V2gHaar [m/sec], and the subscript | 
denotes the inlet to the turbine impeller. The relation 
for turbine speeds Nro and Nr [rpm] at standard ground 
level and at altitude is now obtained as 


N71 Nro(a/ao) V Haar/Haaro X C.. (14) 


where C — (cosa: + sinaicotB1)/(cosaio + sinaiocotB10). 

In this equation, a/ao can be taken as unity, since the 
percentage reaction D and the flow coefficient vary but 
little. Moreover, angle a; is constant, whereas angle B:, 
i.e., the angle at which the gas reaches the rotor blades, is 
variable. At increased altitude, and hence at larger 
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Fig. 9. Velocity relations at the turbine-impeller inlet under 
standard ground-level and under altitude conditions. 
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values of the pressure ratio pr pu, there is a larger 
deflection of the flow at the nozzle exit, as well as an 
increase in the peripheral speed uv. Both effects tend to 
increase Bi, as shown in Fig. 9, so that Bio and 
cot Bi < cot Bio. The value of C will therefore become 
less than unity at increased altitude. If, to be on the 
safe side, C is taken as unity, the critical value of turbine 
speed Nv will certainly not be exceeded in practice. The 
corresponding adiabatic heat drop being utilized will 
then be 


Haa TO 427 


Where Haaro — (R’ r)Tio [1 — (prio pto)’). 
A similar expression can be derived for haar. 


haaro {kcal kg] (15) 


Excess-Air Coefficient 
The excess-air coefficient is defined as 
€ 
“ G Veo sy ewe Ge WE 
A — ——_—_——_—_—. const. — 
Git Pb, Lmin beP. 
where G, is the weight of air available in the combustion 
process, G tn is the theoretically required weight of air for 
stoichiometric combustion, V’., is the total swept volume 
of all cylinders [m°/hr], 4% is the charging efficiency 
(volume of air trapped in the cylinder divided by swept 
volume, referred to external ambient conditions), ¢ is the 
compression ratio, P, is the power [bhp], 4, is the 
specific fuel consumption [kg bhp-hr], Zmin is the 
stoichiometric air fuel ratio, and we is the specific 
weight [kg m*] of fresh air, without pressure-charging, at 
approximately ambient pressure. 
The effect of temperature on charging efficiency! can 
be expressed approximately as: 





(16) 


Ne =heo(Te/Tzo0)" .... a , (17) 
Since wy pri RTx, eq. (16) gives 

ry const. G20 (Tr Tro) °°? pe (Pebe RTE) (17a) 
so that 


Ar/Avo (Tr Tro) 9-3 (peTro PuolTr)(Peobeo Pebe) 


(Tro Tr) °°? (pePeobeo, proP be) (17b) 


Numerical Example 

A vehicle diesel engine, exhaust-gas turbocharged 
without intercooling, is to be used at 1600 m above sea- 
level, corresponding to an ambient pressure p of 630 mm 
Hg (Fig. 1) or 0-857 atm abs, at an ambient temperature 
t 30°C and a relative humidity 70%. The 
altitude performance of this engine is to be determined 
from its ground-level performance. 

At the standard ground level (to 
pressure 760 mm Hg, » = 60%), the engine has a 
rating P.o — 800 bhp at N — 750 rpm, with the following 
operating characteristics from its performance curves: 

Peo 9-6 kg/cm? Tmo 0:86 


20°C, barometric 


PE 1-658 atm abs) deo 166 gm bhp-hr 
tro lem © Po 1-033 atm abs 
Ae 0 1-80 


The corresponding data for the turbocharger are: 
Nro 13,500 rpm Pito 1-045 atm abs 
Pio 1-387 atm abs) q“roqRo 0°58 
to 545°C PEO 1°658 atm abs 

tro pie ys @ 





Output at Altitude 


a = 0:072; m = 0°56; (pz/pio)®*** = 0-889; 
To/T = 0-968; (T0/T)°-® 0-977: k 0-868; 
Pe Peo — 0-858: py 8-25 kg cm*. The altitude 


rating is therefore 
P, 0-858 800 = 687 bhp. 


Operating Conditions at Altitude 
The performance data of the engine for the operating 

point p’eo = pe 8:25 kg cm® at standard ground level 
are converted to corresponding values at altitude 
(denoted by a dash). From the engine performance 
curves, it is found that 

tro 490°C; tro 65°C; pio 1-319 atm abs; 

PEO 1-523 atm abs; p’xo po 1-475 


Exhaust-Gas Temperature at Turbine Inlet: 


From Fig. 7, (pe p) (p’ro po) 1-06, so that the 
boost pressure at altitude can be estimated in a first 
approximation (with p 0-857 atm abs) as 


Pr 1:06 1-475 
0-883 and p, 


0-857 1-342 atm abs 


For pr Pp’ ro 8-25 kg cm*, Fig. 4 gives 


x 1-14. 
From eq. (11), with the compression exponent of 
is 1:55, the charging-air temperature? is 
T2 TE T* A(T To) T EO 1-06" oa (7 To) 
338 1-017 1-032 355 K,. or ft 82°C. 
Fig. 5 gives, for Ty T’ x0 17 C and p, 8°25 
kg cm’, the value 3 1-32; hence, eq. (10) yields the 


exhaust-gas temperature at the turbine entry as 


th 1:14 ~ 490 + 1-32 ~ 17 —- 583°C;or Ti ~~ 856°K. 
Exhaust-Gas Pressure at Turbine Entry: 
For pr p’no — 0-883, Fig. 4 indicates that x; — 0-885, 


and for tz —t’no — 17° Fig. 5 indicates that 1) 1-018. 
Fq. (12) thus gives 
1-319 (0-885 1-018 1) 


Pp 1-190 atm abs. 


Boost Pressure: 
With qrq4 ~~ 0-56 (and p, 8:25 kg cm?*), the turbo- 
charger parameter t is obtained from eq. (8a) as 
t = (856/303) x 0-56 = 1-58. 
The exhaust-gas pressure after the turbine can be assumed 
to be 0-02 atm higher than the external pressure, so that 
Pu = p + 0:02 = 0877 atm abs, and p,,/p,; = 0-737. 
Consequently, Fig. 8 yields the charging-pressure ratio 
p2/p1 as 1-56, and the corresponding boost pressure is 
p2 = PE 1:56p1 = 1:56 p 1:34 atm abs, 
which is in agreement with the value found from Fig. 7. 
Specific Fuel Consumption: 
From eq. (2), the specific fuel consumption is 
b, 166 «0-868 ~ (0-86/0-928) [0-868 (1 
168 gm. bhp-hr 
The excess-air coefficient, from eq. (17b), is 
hy — 1:80 » (348 /355)9-? ~ 1-340 - 800 » 166 (1-658 ~ 687 
168) 1-65 


0-927)] 


This value indicates that the exhaust will become 
(Concluded on page 109) 
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THE RETAINING 
RING THAT 
REALLY 


Spirolox retaining rings are made from two or more 

concentric turns of high grade flat spring steel. Spirolox 

have great strength, they can be assembled without the use 

of special tools, and do not tangle in storage. 

, Spirolox rings come in a large variety of sizes to suit every 
application. And Spirolox rings really lock. 
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TWELVE-INCH 
SWING LATHE made by 


T. S. Harrison & Sons Ltd., Heckmondwike 


This high-class lathe has many interesting features: it is available either 
as a standard centre lathe, or as a copying lathe without restriction of 
its normal use. The all-geared headstock is driven through a specially 
designed clutch which, with the brake, is operated by a lever on the 
headstock. The main spindle is bored to clear a 14” bar and is mounted 
at the front end in a pair of Timken tapered roller bearings. 

The line drawing shows the bearing arrangement: a shouldered 
Timken bearing is held axially by the bearing cap and controls the end 
location of the spindle. The bearings are pre-loaded by the ring nuts on 
the spindle. The tail end of the spindle is supported in a ball bearing 
having axial freedom. As will be seen, the bearing arrangement permits 
the boring of both bearing seatings together, ensuring concentricity. 

Other Harrison lathes, and milling machines, are also equipped with 
Timken bearings. 

British Timken, Duston, Northampton, Division of The Timken 
Roller Bearing Company. Timken bearings manufactured in England, 
Australia, Brazil, Canada, France and U.S.A. 


TIMKEN <<: 


REGISTERED TRADE MARK 


tapered roller bearings 





British Industrial Developments 


Compact Gear-Honing Machines 


Asannounced by Precision Gear Machines and Tools 
Limited, of Wyken, Coventry, an associate company of 
the National Broach and Machine Co., of Detroit, 
Michigan, Model-GHD “Red Ring”  gear-honing 
machines are now available in the U.K. These machines 
utilize an exclusive hard-gear tooth-honing process 
which, when used as a standard production operation for 
all gears immediately before assembly, eliminates nick- 
testing and costly hand-grinding, thereby reducing 
overall production costs. Furthermore, the honing 
process leaves the hardness of the metal tooth unchanged, 
improves the gear-tooth elements, and is equally applicable 
to both long- and short-production runs. 





These machines are of compact dimensions, measuring 
(without the control panel) only 47 - 42 - 57 in. high, 
and are available in three different models, i.e., the 
standard model with semi-automatic operation, a lower- 
cost manually operated model, and a fully automatic 
model equipped with a magazine-type loader. The 
semi-automatic and manually operated models have a 
capacity up to 12 in. p.d., and the fully automatic model 
up to 4 in. p.d. Small pinions can be honed at speeds up 
to 3000 rpm, while larger gears can be processed at about 
1000 sfpm. A honing cycle of less than one minute is 
sufficient for the production of gears with a low sound 
level. 

_ The honing tool is a relatively hard abrasive- 
impregnated plastic gear, manufactured to very close 
tolerances and dimensionally stabilized, meshed with the 
work-gear in a crossed-axes relationship. During the 
honing cycle, the direction of rotation of the honing tool 
is reversed, while reciprocating motion between the hon- 
OCTOBER, 
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ing tool and work-gear is maintained in a path parallel to 
the axis of the gear. Honing tools with an abrasive 
impregnant of various grain sizes can be selected, 
depending on the amount of stock to be removed and the 
surface finish desired. To provide maximum versatility 
of operation, four distinct methods of honing are 
available, i.e., (1) honing with backlash, in conjunction 
with a locked honing head, (2) zero-backlash operation, 
with precision pressure control in conjunction with the 
honing lock, (3) constant-pressure operation, with an 
automatic mechanical wedge-type back-up eliminator, 
and (4) constant-pressure operation, with overload relief 
provided by an adjustable leaf-spring back-up protector. 


Expansion Joint for High-Pressure 
Ducting 


Among the numerous incidental engineering prob- 
lems facing the designers of atomic power stations is that 
of accommodating the considerable thermal expansion 
of the ducting used to convey the coolant gas from the 
reactor to the heat exchanger. The operating pressures 
and conditions and the duct sizes are such that telescopic- 
type expansion joints cannot be used, because of the 
magnitude of the resulting unbalanced end thrust, and 
the usual solution is to provide in each leg of the ducting 
three flexible “pin-joints’, and to accommodate the 
expansions by angular deflections. The expansion 
joints must therefore be capable of transmitting the 
axial duct thrusts, amounting in some cases to over 
1,000,000 Ib while, at the same time, allowing a pre- 
determined amount of angular deformation. 

A more or less conventional convolution-type bellows 
can be used to provide a gas seal, but the restraint 
mechanism transmitting the axial thrust presents a 
difficult engineering problem. Existing solutions fall, 
broadly speaking, into two categories, one using what 
amounts to a pair of hinge-pins, placed on both sides of 
the duct, and the other a flexible tongue inside the duct, 
while some designs combine both. The difficulty facing 
both designs is the necessity of transmitting the peripher- 
ally uniformly distributed axial duct forces into one axial 
plane, thus requiring extremely heavy structures, mainly 
stressed in bending. Furthermore, all available designs 
can deal with deflections in one plane only, so that any 
misalignments at right-angles to the normal deflection 
plane impose uncontrolled loads on the components of 
the circuit. Pin-joint types of restraint also contain the 
inherent danger of fretting and possible seizure, bearing 
in mind that they may have to deflect after remaining in 
one position for a considerable time. 

To overcome these difficulties, a new type of restraint, 
dealing in a satisfactory manner with all aspects of the 
problem, has recently been developed by Richardsons 
Westgarth & Co. Ltd., of Wallsend, Northumberland, 
and will be first used in the Trawsfynydd atomic power 
station. The new restraint works entirely on elastic- 
deformation principles. A multiplicity of high-tensile 
bars, arranged in two groups into two frusto-conical 
assemblies and spaced uniformly around the periphery 
of the duct, transmit entirely uniformly the axial forces. 
In the axial direction the joint behaves as a stiff connec- 
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The results of Research and metallurgical 
skill ultimately find their way to the 
melter and furnace man in paper form. 
As one of the team, his is the inborn 
knowledge, his the manual skills, his the sixth 
steel-sense that translates the test tube, 
the photomicrograph and the paper work into 
Shettield’s finest alloy steels. 
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tion, but can deform angularly by transverse bending of 
the bars. Deformation of the restraint is achieved by 
pure elastic deformation of the restraint bars, so that the 
forces involved are both accurately predictable and are 
not variable in time. Furthermore, the complete 
rotational symmetry of the restraint makes it equally 
flexible in any direction. A wide range of working 
deflections and restoring moments can be accommodated 
by varying the basic dimensions of the restraint, the 
number and size of the tie-bars, and the cone angle. In 
the restraint illustrated, the bars have actually been 
overcrossed, resulting in a small overall length. 

A centring device connecting the two duct stub-ends 
ensures that no torque loading can be applied to the 
convolutions and equalizes the deflections of the two 
sets of bars under conditions of steeply changing bending 
moment along the duct. The shear force accompanying 
such a change of bending moment is taken entirely by 
this device, leaving the bellows free from this additional 
loading. A further advantage of the design is that the 
completely transparent and accurately calculable stress 
system allows a close approach to an ideal shape in the 
tension bars, which are cold-swaged to a profile approxi- 
mating constant stress distribution along the length of 
the bar. Apart from the bellows convolutions, the 
tension bars are the only components of the restraint 
which are subjected to appreciable stresses and, in 
addition to the theoretical advantages mentioned above, 
it is of obvious benefit to be able to use for such com- 
ponents highest-quality steels and most stringent 
manufacturing controls. This is made possible by the 
fact that a multiplicity of bars is used and that they 
are not welded to the main duct structure. 

Also, apart from the obvious advantages of a 
uniformly stressed structure and the elimination of the 
dangers of fretting or seizure, the gimbal-joint charac- 
teristics of the restraint offer much greater freedom to 
nuclear-station designers. 
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Apart from this work on nuclear applications of the 
restraint, Richardsons Westgarth are investigating its use 
in other applications requiring high-pressure and 
high-temperature ducting, including, among others, 
designs intended for operating temperatures of the order 
of 600°C. 
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Anti-Vibration Transmission 
Couplings for Motor Vehicles 


Shown for the first time at the recent Commercial 
Motor Show in London, the new “T.R.” transmission 
coupling produced by Laycock Engineering Ltd., of 
Millhouses, Sheffield, is specifically designed to eliminate 
or to reduce considerably what is known as “body 
boom” in motor vehicles. Body boom is a_high- 
frequency vibration believed to emanate from the 
engine and transmitted along the propeller shaft through 
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the transmission. This vibration is then amplified by 
the metal-box construction of the bodywork, bringing 
about an objectionable drumming noise. The inclusion 
of the new coupling in the transmission line eliminates 
the cause of body boom and also damps down other 
vibrations, as well as providing a cushioning effect 
throughout the whole transmission, with the expectation 
of increasing the life of the universal joints and the axle 
assembly. 

The coupling, which is patented, is fitted as an 
ancillary to an orthodox Hardy Spicer propeller shaft, 
subject to provision being made in the design stage for 
the clearance required. The coupling consists of two 
cup-shaped members, between which is a compressed 
rubber ring placed approximately centrally over the 
universal-joint pivot axis so that it transmits pure 
torque. Although the coupling can be fitted at either 
end of the propeller shaft, it is usually found to be more 
effective at the final drive end. In this position, one cup 
is bolted to the Hardy Spicer flange yoke and the other 
cup is attached to the axle companion flange. The cup 
members carry studs which coincide with the standard 
drillings of Hardy Spicer universal-joint flanges. 


Electronic Synchronous Control 
Equipment for Resistance Welding 


Designed to provide accurate synchronous timing 
from 4 to 5} cycles in half-cycle steps, with a full range of 
stepless heat control, the new Series FCT.3 electronic 
control equipment announced by Lancashire Dynamo 
Electronic Products Ltd., of Rugeley, Staffs., is suitable 
for the control of welding machines up to 15-kKVA rating 
at 440 V, depending on the required duty cycle, and 
incorporates an electronic contactor capable of switching 
the primary circuits of the welding transformer. An 
alternative type of equipment is also available, provided 
with synchronous timing in two ranges, ie., $ to 54 
cycles, and | to 11 cycles. 
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NobUux Grease. is a \ithium base 


lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range irom 
minus 20 F to 250 F. Itis exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 


MOBILUX 
GREASE 


INDUSTRIAL LUBRICANTS 


THE ENGINEERS’ DIGEST 











Te 


VU) 





The design of the synchronous timer ensures that 
transformer saturation cannot occur, even when the unit 
is timing odd numbers of half-cycles. Heat-control 
facilities provide for a 30:1 range of power control 
without tap-changing, and the required heat can be 
adjusted to very close limits. The new equipment, which, 
if desired, can be used in conjunction with standard 
ignitron contactor units to control the largest sizes of 
welding machine, is particularly suitable for application 
in industries manufacturing small metal components, 
especially where non-ferrous materials have to be 
spot-welded. 


Sensitive Null Indicator 


Measuring only 8 5 17 in. overall and weighing 
15 lb, the new “ElectroniK”™ type 104W1-G null indicator 
announced by Honeywell Controls Limited, of Green- 
ford, Middlesex, is the equivalent of a very sensitive 
galvanometer but without the disadvantages of conven- 
tional galvanometers. The instrument is not affected by 
vibration and comes to rest very quickly, and it is stated 
that not only is time saved in setting up, as no special 
mounting or levelling is needed, but also that considerable 
time is saved in operation. In fact, it is claimed that the 
new indicator provides the fastest possible method of 
measuring resistance and potential by means of precision 
manual potentiometers and Wheatstone bridges, and that 
it has many other uses in place of a galvanometer. As 
such, it has many possible applications in laboratories, 
etc., and also industrial inspection or testing routines 
which include a bridge measurement. In addition, as it 
is not sensitive to level or vibration, it makes an ideal unit 
for testing at the end of a production line. A very 
Practical advantage is that no resistors are needed for 
protection, as a temporary overload of up to 14 V will 
do no harm. 

In function, the new indicator is equivalent to spot- 
light, reflecting, and other types of suspension galvano- 
meter, but constitutes a radical departure from these 
conventional instruments with their inherent limitations. 
All that is necessary is to close the switch and balance the 
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bridge, the balance point being indicated by the return 
of the pointer to zero. Since the indicator withstands an 
overload of several hundred per cent, the error in the 
original bridge setting is of relatively little consequence. 
Continuous sensitivity adjustment is provided by means 
of a knob on the front of the case, and a push-button 
shorting switch is mounted directly below the dial. 
Stability is very good after the short warm-up period. 
Input terminals are usable with a variety of jacks. The 
input resistance is 1000 ohms. Sensitivity is given as 
1 microvolt mm or | 10° A/mm, and the response 
time is 4 sec. 

In operation, a d.c. signal is applied to the input and 
is converted to a.c. by a converter and transformer. It is 
then amplified and applied to the output stage, which is 
essentially a grid-controlled rectifier whose output is 
applied to the indicator. The polarity of the input signal 
determines the phase of amplified a.c. voltage, and the 
output of the full-wave rectifier passes current in a 
direction determined by this phase. Each positive signal 
will impress an a.c. voltage on the grids of the output 
valves of such a phase that one pair of triodes passes 
current during each positive half of the line voltage 
cycle; on the negative half of the cycle, little or no 
current is passed by the valves. Consequently, one pair 
of cathodes becomes positive with respect to the other 
pair, and the capacitor between the two acquires a 





A 

charge. This charge is measured by the indicating meter. 
which deflects in one direction, a negative input signal 
resulting in the opposite action. When the input signal 
is zero and the bridge is in balance, both pairs of triodes 
pass equal current of opposite phase, the net charge on 
the capacitor and hence the meter indication being zero. 


Extractor Tool for Oil-Burner Nozzles 


Inserted through the fire-door and fitting all normal 
types and makes of nozzles, a new tool, designated the 
‘*Ideal” nozzle extractor and introduced by the Shandon 
Scientific Company Limited, of London, S.W.7, enables 
oil-burner nozzles to be removed or replaced in 40 sec 
without moving the burner assembly and without any 


danger of damaging the electrodes. 
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Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90°, and they can operate within a tempera- 
ture range of —52° C to 400° C without lubrication, and 
up to 170° C when lubricated. 


Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power 
required for actuation by as much as 80°,,, when con- 
verting rotary drive into linear output or force input 
into torque output. By eliminating backlash, with pre- 
loading, they give precise control over very small incre- 
ments of motion and a high response frequency. And 
when compared to conventional screw mechanisms, 
they provide a predictable operating life which is much 
longer, require much less maintenance and give more 
trouble-free operation. 

Basic design application analysis 

sristol Siddeley engineers make an exhaustive analysis 
of each specification. And each unit is specially designed 
for its particular application. Beaver ball screws are 


made automatically reversible or with controlled 
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“no-back,” with multiple or single circuits. Beaver 
pre-loaded ball screws have been proved as the most 
efficient method of converting rotary into linear thrust 
in over 2,700 engineering applications in many branches 
of industry. They have been designed already with rated 
operating load capacities of 370,000 Ib (825,000. Ib 
maximum static load) but the maximum potential 
operating load is, in most cases, limited only by the 
requirement, 
ee a ae eee | 
Bristol Siddeley Beaver ball splines have 
been developed to eliminate the disadvantages 


| 
| | 
| of conventional splines. The designs are very | 
| effective in minimising friction, particularly when 
| high torsional and bending loads are imposed | 
| during linear movement. | 


*Com ple te technical and manufacturing co operation with 
Beaver Precision Products Inc, Detroit. 


For further information please write to: 

J.B. STARKY, SALES MANAGER (BEAVER PRODUCTS 
DIVISION), BRISTOL SIDDELEY ENGINES LIMITED 
PO BOX 17, COVENTRY, ENGLAND 


/BRISTOL SIDDELEY ENGINES LIMITED 
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Essentially, the extractor comprises three socket- 
wrenches in One compact unit. An inner socket, which 
fits the nozzle tip, revolves inside an outer tubular socket 
engaging the adaptor, both the inner and outer sockets 
being fitted with a 4-in. knurled handle attached at 
right-angles. After positioning the tool on the nozzle 
and adaptor, the knurled handles are brought together 
(an operation involving the use of one hand only), thereby 
loosening the nozzle. Rotation of the handle of the 
inner socket then completes disengagement of the nozzle. 
which remains in the tool while it is being removed from 
the burner. Replacement of the nozzle is easily effected 
by reversal of this procedure. The third socket, which 
is mounted at the reverse end of the tool, is used to hold 
the nozzle tip firmly while it is being dismantled for 
cleaning. 


High-Frequency Heating Installation 
for Shafts 


A large variety of shafts manufactured for the tractor 
industry by Tractor Shafts Ltd., of St. Albans, is now 
being handled and skin-hardened by means of a new 
high-frequency heating installation designed and installed 
by Induction Heating Equipment Ltd., of Walton-on- 
Thames. Basically, this equipment comprises a 50-kW, 
10-kes, vertical water-cooled motor alternator, with a 
control cubicle, a high-frequency transformer, matching 
condensers, and a shaft-hardening fixture. The cooling 
water from the inductor is fed from the high-frequency 
transformer, eliminating hosepipes and rendering the 
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work-station clear and accessible, while extremely 
accurate repetition is ensured by the incorporation of 
automatic voltage stabilization on the generator, with 
control of traverse speed. 

A novel feature of the installation is the use of a card 
system, built into the fixture, for controlling the process. 
A card is constructed for each type of shaft needing a 
different sequence of processing, and all that is then 
necessary is to exchange cards when changing over from 
One type of shaft to another, resulting in a considerable 
saving of time and the elimination of errors where many 
different shafts are processed. The card automatically 
controls alternator voltage, traverse speed, power and 
quenching settings, etc., so that extremely accurate 
repetition is inevitable. This particular installation 
covers a range of shafts up to 24 in. in length and 3 in. in 
diameter, with flanges up to 5 in. in diameter, but the 
principle of control is applicable to almost any length or 
hardness pattern. Shafts containing flanges can now be 
hardened in one operation, whereas previously two 
separate processing Operations were required. 





The High-Altitude Behaviour of 
Turbocharged Four-Stroke Diesel 
Engines 

(Concluded from page 100) 


increasingly smoky with increased altitude, and should 
be regarded as the approximate smoke limit for the 
engine considered in this example. From the point of 
view of operating reliability, therefore, it would be 
advisable to regard the calculated 687 bhp as the maxi- 
mum output, which should not be exceeded. 


Compressor Speed 

With y’ 1:33 and R 29-3 m, °C, the adiabatic 
heat drop used by the exhaust-gas turbine at standard 
ground level can be calculated with the aid of eq. (15) as 
4-03 x 00685 « (1 — 0-755°-248) = 15-35 kcal/kg 
The adiabatic heat drop utilized at 1600 m altitude is 
haar 4:03 x 0-:0685 = (1 — 0-7379-248) = 17-73 kcal/kg 
so that, according to eq. (14), the estimated compressor 
speed with p, 8-25 kg cm? and an engine speed 
N 750 rpm is 


haaro 














Nr = 13,500 = \ 17-73 15-35 = 14,500 rpm. 
SUMMARY OF RESULTS WITH AN ENGINE SPEED OF 750 RPM 
b, th r tr Pr , Nr | 
{gm {C]} [atm | [C]] [atm [rpm] 
bhp- abs] abs] 
hr] | 
Normal out 
put at ground 
level with pe 
9-6 kg/cm* 166 | 545 | 1°387 75 | 1°658 1-80} 13,500 
Output at 
ground level 
with pe 8-25 165 490] 1-319 65 | 1-523 | 1-85 | 12,200 
kg/cm? 
Output at 
altitude with 
De 8-25 
kg/cm* 168 583 ‘1-190 82 '1-340 '1-65 | 14,500 
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The Ablation Behaviour of Materials Subjected to Missile Re-entry Heat-Flux Rates 


Tue outer surfaces of hypersonic vehicles are subjected to 
severe transient thermal environments during the re-entry 
phase. In these environments, the stagnation tempera- 
tures of the gases flowing about the vehicle become much 
higher than the maximum surface temperatures of the 
skin material. The associated high heat-flux rates for a 
vehicle in the ballistic-missile category prevent intact 
survival of materials in most cases, and some ablation 
usually occurs. The study of material behaviour under 
these conditions is a complex problem. In many cases, 
mathematical study of the degradation process for 
specific materials in the actual environments becomes 
tenable only after testing under simulated conditions 
reveals the important physical transport and protective 
phenomena involved during degradation. Heat-flux 
rates and time durations of interest can be simulated by 
exposing materials to the plasma discharge from high- 
intensity, air-stabilized electric arcs. 

In this paper, the results of experiments on samples of 
ten different materials, i.e., copper, aluminium, stainless 
steel, molybdenum, zircon, mullite, alumina, linen 
bakelite, nylon, and graphite, are presented, these results 
being correlated by obtaining a transient heating analysis 
for the period before melting of the surface occurred, heat 
balances for the first second of ablation, and the effective 
heats of ablation, based on the maximum observed rates 
of ablation. 

From the information derived from these experiments, 
the following conclusions appear to be justified: 

(1) Laboratory testing helps to determine important 
phenomena involved in the ablation process for a 
given material. This is exemplified by the obser- 
vation of chemical reactions, liquid films, loss of 


Dispersion Hardening of Copper by Eutectic Alloying 


It is well known that dispersion-hardening alloys of 
copper can be prepared by powder-metallurgy procedures, 
but to widen potential applications, it was considered 
desirable to determine whether similar alloys could be 
prepared by melting. For this purpose, one of the 
simplest methods available is to alloy to a eutectic 
composition so that a dispersion will form spontaneously 
on solidification. Two alloying elements in copper, i.e., 
Oxygen and sulphur, seemed especially well suited for 
this purpose, as both are known to form eutectics 
containing appreciable amounts of a non-metallic 
compound, and the compound phase is also likely to be 
spheroidal. 

To confirm these beliefs, a series of 8-lb heats of these 
alloys and of unalloyed copper was made. The copper- 
Oxygen alloys were induction-melted under nitrogen, 
while the unalloyed copper and copper-sulphur alloys 
were melted under carbon monoxide. High-purity 
Copper (99-98 °,) was used to prepare the alloys, with the 
alloying additions introduced either as Cu2O or CueS. 
Ingots were cast in graphite moulds. It was found that 
spheroidal eutectic structures developed in the castings, 
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material due to thermal shock, and the formation 
of carbonized shells. This type of information is 
of great value in the formulation of mathematical 
models which will serve to predict adequately 
the material behaviour in intended applications. 
In environments where materials are exposed to 
temperatures higher than the melting tempera- 
tures of refractory metals or oxides, certain 
plastics may provide the best thermal resistance 
for either short-time or continuous duty. 

The performance of materials which offer 
significant thermal resistance because of the 
mass-transfer action is closely related to the 
environmental conditions to which the materials 
are exposed. In particular, the performance of all 
materials, as measured by the effective heat of 
ablation, will ordinarily increase as the tempera- 
ture of the environment increases. However, the 
relative rating of different materials may change 
with temperature or other environmental condi- 
tions. For this reason, it is impossible to arrive at 
ratings of materials for severe thermal environ- 
ments from the results of tests at a single environ- 
mental condition. In addition, if tests are to be 
used to aid in the selection of materials for high- 
temperature service in specific applications, the 
test environments should simulate as closely as 
possible the conditions of the actual environment. 
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the particle size of the Cuz2O in the Cu-CuezO eutectic 
being 0-5 micron, while that of the CueS in the Cu-CueS 
eutectic was about 2 microns. Casting the latter alloy 
into a water-cooled mould reduced the CueS particle size 
to less than 0-5 micron. 

Since dispersion hardening is quite helpful in improv- 
ing creep and stress-rupture properties, these properties 
were measured to determine whether such hardening had 
been accomplished. Tensile specimens were machined 
from a copper-oxygen alloy extruded at 1475°F and from 
both unalloyed copper and a copper-sulphur alloy 
forged at 1070 F. These samples were annealed for 1 hr 
at 750° F and were then loaded in stress-rupture test racks 
to either 10,000 or 15,000 psi at 660 F. Although the 
copper-oxygen alloy showed good ductility at rupture, 
the unalloyed copper and the copper-sulphur alloy did 
not. The reason for this low ductility is not known, since 
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it should be noted that both alloys had good ductility 
at room temperature. 

The time-to-rupture was not greatly affected by the 
presence of CuxO or CueS. However, an interesting 
trend was seen by comparing these data with rupture data 
previously reported from powder-metallurgy studies. 
The slope of the rupture curve of the copper-oxygen 
alloy was much less than that of the copper-sulphur 
alloy, and was also more similar to that of a Cu-Al2Os 
powder-metallurgy alloy than to that of unalloyed copper. 
Thus, it might be anticipated that the copper-oxygen 


alloy would be appreciably better than unalloyed copper 
in long-time stress-rupture tests or in creep tests. The 
poor rupture characteristics of the copper-sulphur alloy 
were not unexpected, in view of the relatively coarse 
(2-micron) particle size present in the alloy. 

In conclusion, it may be said that moderate dispersion 
hardening can apparently be achieved through eutectic 
alloying. Though the particle sizes studied were too coarse 
to be optimum, by controlling solidification rate during 
casting and by proper fabrication practices it is conceiv- 
able that useful copper dispersion alloys would result. 


The Circular-Patch Test for Evaluating the Susceptibility of Armour-Plate Weldments to Cracking 


No fully acceptable test is at present available for 
determining the weldability of armour-plate for ordnance 
purposes and, although the literature indicates that the 
circular-patch test has many qualities which are desirable 
in a weldability test, the techniques for applying it have 
not been fully investigated and the test itself is not 
standardized. The investigation described in_ this 
paper was therefore conducted to determine the effect of 
different procedures on the effectiveness of the circular- 
patch test specimen in the evaluation of plate crack 
susceptibility and to determine conditions suitable for a 
standard test. The investigation was limited to an 
evaluation of different conditions and procedures for 
producing a circular-patch type test to determine the 
crack susceptibility or joinability properties of steel 
armour-plate. The effectiveness of selected test condi- 
tions was evaluated by applying these conditions to 
several heats of armour-plate which had a known 
fabrication history, to determine if the test is sensitive 
enough to separate the crack-susceptible plates from the 
crack-resistant plates. 

The results of this investigation show that, even when 
armour-plate meets all the specifications, there can still 
be a wide variance in the way each individual heat will 
act when being welded. While this investigation is not 


Heating of Plasma by Ultrasonic Waves 


ONE method of creating a thermonuclear plasma com- 
prises heating by means of an oscillating electromagnetic 
field. However, when such a field is applied to a plasma, 
the organized motion of the field rapidly transforms into 
random motion, the generated large-amplitude energy 
Causing instability and rendering this method unsuitable 
for efficient heating of the plasma. 

In this paper, theoretical consideration is given to a 
new and more efficient method of heating plasma, this 
method being based on the generation of ultrasonic 
waves and on the transformation of their energy into 
thermal energy. For this purpose, an oscillating magnetic 
field is imposed on a cylindrical plasma, which itself is 
confined by the magnetic pressure of a static magnetic 
field. When a suitable frequency is chosen for the 
oscillating field, an ultrasonic wave is generated, the 
energy of which creates an irreversible heat flow, owing 
to stress relaxation, causing heating of the plasma. 

Generally, in ordinary gases and solids, ultrasonic 
waves of very high frequency (10° cps and above) are 
generated under isothermal conditions. However, as, in 
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extensive enough to determine all of the factors which 
affect the circular-patch test, it does indicate that a test 
procedure has been obtained which will evaluate different 
heats of steel armour-plate according to their suscepti- 
bility to cracking when welded under varying degrees of 
restraint. 

It should be realized that, in a weldability test, crack 
susceptibility is only one part of weldability, and its 
evaluation applies only to the fabricating conditions 
imposed. In this investigation, the conditions were 
limited to multi-pass, manual butt welds in ordnance 
armour-plate, which may or may not indicate the same 
degree of susceptibility to weld cracking if a different 
condition, such as a _ single-pass fillet or automatic 
welding, is used. However, it can be concluded that the 
circular-patch test, as described in this paper, will 
determine the relative crack susceptibility of different 
heats of ordnance armour-plate for multi-pass butt 
welds. 


By T. Dopo 


From Journal of the Physical Society of Japan, 
Vol. 15, No. 7, 1960, 
pp. 1292-1295. 


a thermonuclear plasma, thermal conductivity is very 
high, these waves will in this case be at an intermediate 
stage between the isothermal and adiabatic states. The 
heating effect of the ultrasonic waves is enhanced by the 
fact that a plasma is a dispersive medium with respect to 
such waves, the dispersive absorption of the ultrasonic 
energy being similar to the absorption of electromagnetic 
waves in dielectric media or of elastic waves in visco- 
elastic high polymers. 

Mathematical calculations and theoretical analysis of 
the conditions encountered in a plasma heated by 
ultrasonic waves clearly demonstrate that the new 
method has a very high efficiency and is eminently 
suitable for heating a plasma of moderate temperature 
(10° to 10° K) and of a density ranging from 10!4 to 10%6 
particles per cm*. 
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New Materials, 





Processes, and Equipment 


Miniature High-Speed Turbine-Driven 
Hand Tool 


Designed initially to meet the demand for an extremely 
versatile high-speed hand tool for such applications as 
finishing, polishing, deflashing, deburring, drilling, and 
cutting, the new turtine-driven tool produced by Micro 
Turbines Ltd., of Cheshunt, Herts., is basically an 
adaptation of the dental turbine, but has been designed 
and manufactured to very much closer tolerances to meet 
the more exacting requirements of industry. Capable 
of operating at speeds estimated to be in excess of 
300,090 rpm, with ample torque output to cut all types of 
materials, the tool can be held in the hand or mounted on 
machine equipment, e.g., a pantograph. A complete 
range of cutters is available, either of tungsten carbide or 
diamond-tipped, enabling the tool to be used on a wide 
range of materials, including ceramics, glass, steel, etc. 





Essentially, the equipment comprises a_ control 
cabinet, to which is coupled the handpiece via an easily 
detachable flexible hose. The normal factory air line or 
other source of compressed air is connected to the 
cabinet by a foot control unit fitted with a quick-release 
connector, the maximum recommended inlet pressure 
being 80 psi. The air then passes through a manually 
controlled reducing valve to a filter and water-separator 
unit, after which the air supply is divided, the main 
Supply passing to a fog lubricator and out to the hand- 
Piece, driving the turbine and lubricating the bearings, 
and then exhausting back down the flexible hose through 
the control cabinet. The primary air is also used to 
supply a small jet on the handpiece, tapped off just prior 
to the fog lubricator and directed at the cutting area. 
This jet serves for cooling and for blowing clear all swarf 
or debris produced during cutting, but can be supple- 
mented by a low-viscosity cutting or lubricating fluid, if 
desired. This is achieved by using the secondary air 
supply to pressurize a small tank, forcing the liquid to 
Pass via a manually controlled needle valve mounted on 
the front of the cabinet through the flexible hose and to 
atomize with the air passing to the small jet on the nose 
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of the head. The tank can be quickly refilled via a filler 
plug on top of the cabinet. A pressure gauge indicates 
turbine pressure, the maximum downstream pressure 
being 45 psi, while a window in the front of the cabinet 
enables the operator to ensure that the oil level in the fog 
lubricator is maintained. 

The handpiece is supplied with two quickly detachable 
heads, one of which is at right-angles to the stem, while 
the other is mounted at 30 deg. to the stem. Also avail- 
able are two types of handles, having either a straight 
coupling or a coupling angled at 20 deg. 


Corrosion-Resistant Sprayed Glass- 
Fibre Coating 


A new spray-type coating, developed by the Owens- 
Corning Fiberglas Corporation, of New York, provides a 
corrosion-resistant surface to metals, wood, and concrete, 
and, at the same time, can combine protection with 
decoration in a single coating, as it is available with 
pigment, if desired. Concurrently, a spray-gun unit, 
especially designed for applying the coating, has been 
developed by the De Vilbiss Company, of Toledo, Ohio, 
the basic equipment consisting of a pump, a spray gun, 
an air compressor, a 5-USgal pressure tank, an air 
regulator, a flow meter, and air and fluid hoses. 

The coating, designated **Fiberglas Flake” protective 
coating, is a homogeneous mixture of glass-fibre flake, 
resin, fillers, accelerator, and pigment (if required), and 
can be utilized in many fields where corrosion is a major 
problem, e.g., on chemical and oil-storage tanks, indus- 
trial ducting, and concrete sewer lines. In addition, it 
can be used as a liner for industrial flooring, as a water 
sealant for concrete-block and slab walls in industrial 
and residential construction, as an interior coating for 
oil-tanker bunkers, as an exterior coating for steel boats, 
as a sealant for corrosive salts attacking highway-bridge 
beams, as a lining for railroad freight cars and trucks. 
etc. 

The material, which has a shear strength of 800 psi, 
requires no mixing on the job, as the fillers and accelera- 
tors are incorporated in the product. The combination 
of glass-fibre flake with resin reinforces the coating by 
holding shrinkage to a minimum and by increasing 
impact resistance. In addition, crawling of the coating is 
impossible because of the high shear force existing 
between the layers of flake and resin as applied. Also, 
the problem of pinholes associated with some types of 
sprayed protective coatings is eliminated by the isolation 
of air bubbles or voids with numerous layers of flake 
glass. Similarly, sagging on vertical surfaces is eliminated 
by the shear force between the flakes, while surface haze 
is no longer a problem because the flake forms an air 
barrier without the addition of haze-forming waxes, A 
coating, 0-02 in. in thickness, has 50 layers of glass-fibre 
flake, i.e., roughly the equivalent of applying 50 coats of 
paint, and accelerated weathering tests have shown 
virtually no deterioration. 
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Concrete can’t take it half 


Withstands heavy traffic. High Impact 
Strength. Jointless. Non-Slip. 


Obviates dust hazards. Light in 


weight. Can be applied to various ¢ 


surfaces. Economical and hardwearing. 
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solution to your flooring problems. 
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supplying further details and quotations 
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Miniature Temperature-Compensated 
Strain-Gauge Accelerometer 


Stated to be the smallest temperature-compensated 
strain-gauge accelerometer at present available, the new 
Type 4-202 accelerometer developed by the Transducer 
Division of the Consolidated Electrodynamics Corpora- 
tion, of Pasadena, California, a subsidiary of the Bell & 
Howell Co., is a linear unbonded bidirectional strain- 
gauge unit designed for measuring accelerations perpen- 
dicular to the mounting surface. The accelerometer 
occupies a volume of about | cu in. and weighs less than 
3 oz, and its linearity and hysteresis qualities are 
conservatively rated at less than +0-75°% of the full 
range Output. 





The non-pendulous type of mass suspension used 
permits an exceptionally low cross-axis sensitivity of less 
than 0-01 g g for an input of three times the rated range. 
Damping is achieved by viscous oil shearing, an oil of 
very low viscosity being used to keep viscosity changes to 
a minimum during low- and high-temperature applica- 
tions. Temperature compensation ensures reliable 
static accuracy over a temperature range of — 65 to 

250 F. Standard acceleration ranges are from 

5g to = 500g, over-acceleration up to twenty times the 
rated range being permitted by mechanical stops. The 
input voltage is 5 V, with a full range output of 
40 mV (+20mV). An electrical compensation chamber 
enables external adjustments to be made for bridge 
balance, temperature compensation, and sensitivity. 


Control of Friction Screw Presses 


The tonnage delivered by the ram of a friction screw 
press depends on the length of time that the drive remains 
engaged during the down-stroke and this, in turn, depends 
on the skill of the operator in judging the time to dis- 
engage the drive. A new control unit developed by 
I.G.E. (Control Equipment) Ltd., of Birmingham 12, is 
designed to eliminate this human element by automatic- 
ally disengaging the drive at any preselected point, 
enabling the machine to be operated from a push-button 
or foot switch by unskilled operators with precise and 
consistent control. 

The new control, designated the ““Ramaster” control 
unit, provides for conversion of the driving-wheel 
Operation to electro-pneumatic operation, using special 
valving arrangements to give three-position control to the 
neutral, up, or down positions. Pressing of the start- 
button causes the valve to move to the down position, 
and the ram descends. At a preselected point on the 
downstroke, the valve is moved to the neutral position 
and the drive is disengaged. The ram still descends, 
under the velocity of the flywheel, and the billet is forged. 
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At the bottom of the stroke the valve is moved to the up 
position to engage the up drive and the ram returns. At 
a further preselected point, the valve is moved to the 
neutral position again and the drive is disengaged. The 
ram then coasts to the top against its brake or stop. By 
altering the preselected position on the downstroke where 
the drive is disengaged, the blow can be regulated and, 
since disengagement will always be at the point selected, 
the blow will be consistent. 

The ability to disengage the drive on the up stroke at 
any given point ensures that the ram can be set to coast 
home to the top without “bounce” and prevents the 
stresses set up when the ram strikes the top stop violently. 
A further advantage is the provision, if required, of 
automatic double stroking from one operation of the 
run-button, the two consecutive strokes being preselected 
to give varying blows, as required. For instance, the 
first stroke can be set to be a light descaling blow, and 
the second stroke set to give the final forge. This allows 
the operator to obtain the next billet while the press is 
automatically stroking, so that the forging capacity of 
the press is increased without loss of production. Setting 
of the various signals is effected in a few minutes by adjust- 
ing knobs which are set by the foreman or a setter to 
obtain correct tonnage and then locked. The operator is 
then concerned only with feeding and unloading the dies 
and pressing the run-button. 


Liquid Meter with Electromagnetic 
Flow-Data Transmitter 


A versatile new liquid meter, the “*Unipulse’’, which 
can be used independently or as the key to a complete 
metering system for processes using liquids of different 
viscosity, acidity, alkalinity, and temperature, is now 
available from Measurement Ltd., of Dobross, Delph, 
near Oldham. Four models are at present available, 
with minimum flow rates ranging from 5 to 300 gph and 
maximum flow rates from 100 to 12,500 gph, and are 
supplied in gunmetal or stainless steel, though bodies of 
aluminium and polyvinyl chloride mouldings are 
currently under development. With a constant head or 


constant pump output, the meter can be calibrated to an 
+0°25%. 


accuracy within 
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10,000 GALLON 


‘YORKSHIRE re-fueller 
fitted with the 53 inch 


OCKFOR)) 


CLUTCH IN THE POWER PACK 


This magnificent fuel dispenser was designed 




















and built by Saunders-Roe (Anglesey) Limited 
for Air B.P., the aviation service of the British 
Petroleum Co. Ltd. 

Newage (Manchester) Ltd. supplied their 
Newage B.M.C. 24 litre power pack and 
pumping equipment, which can deliver at the 
rate of 750 gallons per minute. 


Illustrated at right: 
Above: The Newage B.M.C. power pack 


Below: The 54 inch over-centre clutch 
fitted to the power pack 














Full particulars on application of Rockford products 
and Borg & Beck clutches 


BORG & BECK COMPANY LTD 
LEAMINGTON SPA, WARWICKSHIRE, ENGLAND 
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The outstanding feature of the “Unipulse’’ meter is 
the special electromagnetic system used to transmit 
liquid-flow data to remotely positioned indicators and 
control devices. The meter operates on the rotary-pistc n 
principle, in which the piston revolutions are counted 
electromagnetically, thus eliminating the need for stuffing 
boxes, rotary seals, etc. Each time the piston makes one 
complete revolution, a pulse of induced current is 
transmitted to the control and indicating equipment. 
The design of pick-up used has the great advantage that 
signal amplitude remains constant, regardless of flow rate, 
and thus gives efficient and accurate operation, even at the 
lowest rate of flow. In addition, the piston is so dimen- 
sioned that each cycle of the piston displaces an exact 
volume, i.e., a gallon or a decimal fraction of a gallon, 
according to the model used. This basic feature enables 
meter indications to be transmitted in decimal notation 
without gearing. 

Typical control equipment to which the electrical 
impulses can be transmitted includes electromagnetic 
counters summating the amount of liquid passed, a series 
of electromagnetic counters preset to a batch quantity, 
Dekatron tubes preset by means of rotary switches or 
punched cards, rate of flow indicators, a 100-position 
circular-scale indicator with a “count-down™ and 
automatic resetting feature, or a strip-chart recorder. 
Several meters can be arranged to operate one controlling 
or indicating device on a sequential basis. 


Magnetic Stand for Portable Drills 


Designed to be placed anywhere on a steel plate or 
other magnetic material, the “*Magcodrill’’ magnetic 
stands for portable drills produced by Magco Ltd., of 
Porchester, Hants., can, in effect, afford in many applica- 
tions the facilities available with radial drills. Supplied 
for use with any a.c. or d.c. voltage or frequency, these 
stands are available in a range of models taking drills up 
to 14 in., the model illustrated being the M.D.2, which 
takes drills up to 3} in. In addition, facilities for a 1-in. 
change of radius through an angle of 350 deg. for easy 
location are available on certain models. 








OCTOBER, 1960 Volume 21, No. 10 








The drill stand basically comprises a magnet and 
stand, to which can be attached any make or type of 
portable drill. Setting up is simple:—The stand is 
placed in position on the job to be drilled and is plugged 
into the mains supply, after which a weak field is induced 
by means of a rheostat, clamping the stand to the job but 
leaving it sufficiently movable for the head to be accu- 
rately centred. Full magnetic force is then induced by 
turning the rheostat to full power, and the drill is set in 
operation. 


Saw with Internal Teeth for High-Speed 
Tube-Sawing Machines 


A high speed-steel saw with teeth milled on the 
internal diameter has been developed by Spear and 
Jackson Ltd., of Sheffield 4, for incorporation into the 
high-speed tube-sawing machine designed and patented 
by Sir James Farmer Norton & Co. Ltd., of Salford. 
This machine, which is intended for use in both the 
ferrous and non-ferrous tube industries, can saw a tube 
without the inherent flash normally associated with 
conventional saws with external teeth, so that a separate 
deburring operation is now, for the first time, unnecessary. 





The saw is of the segmental type, with six taper- 
ground segments dowelled and screwed into position ona 
circular plate to make the saw blade. The teeth can be 
reground a number of times, the cutting life being a full 
} in., and the repair and fitting of new segments is simple 
and rapid. The saw blade is located inside the reciprocat- 
ing head of the machine, the eccentric movement enabling 
the saw to cut the wall of the tube only. The tube is 
clamped along the neutral axis of the saw, and there is no 
movement across the diameter of the tube. 


Shakeproof Insulating Fasteners 


The “Insulgrip’ fastener, announced by George 
Goodman Ltd., of Birmingham 28, is stated to be a 
completely new type of insulating fastening device, 
offering a tough, shakeproof, and virtually indestructible 
form of anchorage of particular value where fastening 
access is limited to only one side of the assembly. Two 
types are available, i.e., one utilizing an underhead square 
engaging in a preformed square hole to prevent rotation 
during the thread-forming operation and collapsing 
phase, and the other relying on two preformed round 
holes of 4 and 3% in. diameter for anti-rotational and 
anchorage purposes. The square-hole type, shown in the 
illustration, is available in a range of four sizes, with hole 
sizes from 0-240 to 0-398 in. square and respective 
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A range 

of engines 
for all 
requirements 


Mercedes-Benz Diesel engines, in common with all the products 
of Daimler-Benz, are world- famed for their high performance 
economy, sturdy construction and dependability. They have 
additional advantages which are of particular importance in 
their use for rail transport: they take up little space, they are 
ight and need little and infrequent attention. The range of 
Daimler-Benz Diesel engines consists of 34 models up to 1900 
PS. This range offers suitable power units for every type of 
locomotive, for shunting and for drawing express or goods trains 


for rail buses and high speed railcars 
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pull-out loads from 230 to 900 Ib, and is intended for 
general applications in all industries. The type with two 
holes has a pull-out load of 330 Ib and is designed 
especially for use in the electrical industry where large 
insulation surfaces are required or where it is impractic- 
able to form a square hole. 

These fasteners, which are injection-moulded in 
nylon, require no tapping or special tools for assembly, 
have a high strength/weight ratio, and are proof against 
vibration, dust, and water. Also, as shown in the illustra- 
tion, assembly is very simple, all that is necessary being 
to insert the fastener into the preformed hole, specially 
designed projections clipping the fastener in position, 
after which a self-tapping screw is screwed home, the 
fastener collapsing to form a firm fixing. The screw can 
be replaced any number of times without loosening the 
assembly. 


Multi-Channel Electronic Announcer 


The new electronic announcer introduced by Epsylon 
Industries Ltd., of Feltham, Middlesex, is a small 
machine capable of handling four different messages or 
groups of messages of about 4-min duration each, 
representing a maximum combined duration of about 
16 min. Primarily, it has been developed for use where 
announcements or commentaries must be made at 
intervals. Thus, for instance, at exhibitions it can 
describe an unattended exhibit in several languages or 
Several different exhibits in one language. 

Transistorized and operating from any standard a.c. 
Supply, the new announcer is of compact dimensions, 
measuring only 11 84 8 in. in height and weighing 
13 lb. The machine comprises a rotary recording drum, 
which is easily removable for changing the required text, 
a set of switches operated by push-buttons, and an 
amplifier capable of operating a number of earphones or 
a loudspeaker. As shown in the illustration, four 
Switches are used to operate separate channels, selection 
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of any particular channel being effected by depressing 
the appropriate switch. The switch marked R is a reset 
switch which, when depressed, causes the machine to 
revert to the beginning, ready for the next message. It 
also returns to the starting position automatically at the 
end of each message. 





Land’s Theory of Colour 
Perception and its Implications 


(Concluded from page 96) 


in natural scenes is needed to make it possible to see 
more than the colours predicted by classical colour 
theory, and this may explain why the phenomena 
observed by Land were not investigated earlier. Other 
colour experimenters worked only with spots or patches 
of colour and ignored natural colour situations. 

Within a wide range, the colours in the projected 
picture are independent of the intensities of the two 
beams. If, for example, two copies of the long record, 
instead of one, are placed in the carriage of one projector, 
no change in the colours of the picture will be perceived, 
even though the intensity of the projected beam is 
decreased in proportion to the square of the transmission 
of the original transparency at every point. This 
systematic alteration in intensity is somehow ignored by 
the eye. 

The application of Land’s “bichromatic” system 
would simplify all reproduction processes which now 
utilize the three-colour additive system. For example, 
colour television now requires separate beams for each of 
the primary colours, whereas a process utilizing Land’s 
discoveries would require only two beams, one producing 
the black-and-white picture, and the other providing all 
the colouring information needed. This system also 
would eliminate much of the extremely delicate balancing 
of hues and brightness needed with the present process. 
Colour photography also would be revolutionized by a 
change from a three-colour to a two-colour process, and, 
although it now appears that two-colour reproductions 
will not be quite as faithful as those possible with three- 
colour systems, the quality may well be adequate for many 
commercial purposes. 

Land’s techniques apparently have not yet been 
perfected, and much work probably has to be done on 
the basic processes before any commercial applications 
can be attempted. However, no matter what the ultimate 
results of his work may be, Land has succeeded in shaking 
up the long-settled convictions of colour theorists. 
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Capstan and Automatic 
Work and Sheet Metal 
Pressings in Any Metal, 


Any Finish, Any Quantity 


GRIFFITHS. GILBART, LLOYD. 
EMPIRE WORKS, 

PARK ROAD. 

BIRMINGHAM, 18 
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fitted protection 


made 
to measure 


Fortox Flexible Covers are designed and 
manufactured specifically to fit any part of a 
machine requiring protection. Single items can 
be supplied promptly, usually without tool 
charge. Made in neoprene-nylon, proofed leather 
or coated fabrics, according to conditions, 





Fortox Covers exclude dirt from sliding members 
cutting down wear, reducing maintenance and 
lengthening the !ife of a machine. Write now 





for our technical book ‘Corrugated Covers for 
Machine Tool Protection’ 

Ask also about Fortox Leather Seals and 
Packings made to requirements. A range of high 
accuracy polyester, silicone or synthetic rubber 
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28-30 LITTLE RUSSELL STREET, LONDON, WC.1 
Tel. Holborn 7295. Grams: Beakbane. Westcent, London. 
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impregnated leathers is available to ensure 
positive sealing over a wide variety of conditions. 
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If it’s a case of 





making a hole — 





do it 
AUTOMATICALLY 
with the 
AIRMEC 


UTOSET 





POSITIONS THE WORK 


Autoset automatic co-ordinate setting equipment 

provides accurate automatic control of the lead screws 

of a co-ordinate table. It enables the table to be 

positioned automatically by means of a punched tape 

containing co-ordinate information for up to 400 

operations) or manually by means of a series of knobs 

and dials. 

SELECTS THE RIGHT TOOL 

Facilities are provided for selecting one of up to ten 

tools and for controlling a large number of other variables 

such as tool rates, feed depths and spindle speeds. 

CUTS OUT ERRORS 

her Autoset is highly accurate--automatic compensation is 
provided for table backlash and cumulative lead screw 

ers, errors. 

CUTS THE COST 

; A complete equipment for automatic control in two 
dimensions including tape punch costs only £1,500. 
Manual control considerably less. 
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Catmur Machine Tool Corpn. 
Ltd., 103 Lancaster Road, 
London, W.11. 
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these shapes with the} 


CHATWIN 


polygon tool box 





This lathe attachment will turn hexagon, octagon, square or othe 
shapes from round stock, drill and finish in ONE OPERATION 
It will bore holes for perfect matching to most shapes and turn 
mating shapes for a curved triangular drive. 


Write for the new fully illustrated colour brochure 


THOMAS CHATWIN & CO. 


Gt. Tindal Street, Birmingham 16. Tel. Edgbaston 3521 
Area Sales Offices in London, Bristol, Manchester and Newcastle upon Tyne. 
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steam turbine casing. 


Let’s put it this 
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There is no witchcraft, really about the 
unvarying high quality of David Brown 
castings — though there are many other kinds 
of craft involved in their production. 

At the Penistone Foundries, the craft of the 


« steel maker, pattern maker and moulder 

ca are brought together and, with other skills, are 

m co-ordinated into a complex production unit 

~ of supreme efficiency. Backed by unique metallurgical 
ae resources and using the most up-to-date plant 

s; and techniques, this organisation offers 


a completely reliable service for all 

types of steel casting. 

Next time you have a casting problem, 

whatever the application, call in David Brown — first! 
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Hardy Spicer, already widely known in the 
Automotive and Railway industries, are 
supplying increasing quantities of drive 





shafts and universal joints for a variety of 
engineering applications. Typical of these 
are the shafts used to transmit driving 
power to the Jones & Attwood ‘Comminu- 
tors’ in the Stafford Borough Council's 
main sewage pumping station at Lam- 
mascote Road, Stafford. 

(T. H. Higson, Borough Engineer.) 








PROPELLER SHAFTS 


Birtieid 
HARDY SPICER LIMITED Guan 


CHESTER ROAD «= ERDINGTON BIRMINGHAM 24 °* Tel: ERDington 2191 (18 Lines) * Telex: 33414 





Engineering Division of BIRFIELD INDUSTRIES LIMITED 
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ROOF VENTILATOR 


MADE IN RESIN BONDED GLASS FIBRE 


O1duIV, 


Plastics stand for lightness, strength and 
non-corrosion. Motorised power 


gives positive ventilation. ‘‘Airflo”’ 





design means adaptability to any 


? building scheme . . . really, you 


ONILVIILNSA NI 3WVN LNVIYOdWI NV 


should know more about these modern 
ventilating units. Write for more 


information. 





Industrial Fan « Heater (. ltd 


Specialists in all forms of TRADE MARK Gage WORKS, BIRMINGHAM, II. phone: VIC 2277 


and at LONDON, MANCHESTER, SWANSEA 


air treatment A MEMBER OF THE SIMMS GROUP OF COMPANIES 








Foremost in advanced Welding techniques 


Specialists in complete design and Z oN 
manufacture of all types of standard S ) aia FY “<< 
and special purpose resistance weld- 

ing equipment from 1 kVA to A vs 1 

1500 kVA or greater, and including f [ 

fully automatic conveyor and hopper 
fed lines for high speed production 
requirements in the automobile, 
aircraft, steel drum, and wire indus- 
tries, and all branches of engineering. 























Also 


Designers and Manufacturers of: 
Special Purpose Jigs and Fixtures: 
Press Tools and Dies: 
Electronic Controls: 

Tube Mills and Cycle Rim: 
Forming and Welding Equipment. 














Apply for full Specifications and Literature to: 
Dept. F.D 


IIlustration of fully automatic conveyorised door line supplied to leading British 
Automobile manufacturer. Production rate— two completed doors per minute 
including all welding and clinching operations 


WELDER & MACHINE Co. nas 









CASTLE MILL WORKS - DUDLEY - WORCESTERSHIRE - ENGLAND 
DIGEST 
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THIS COULD BE 
THE MOST 
IMPORTANT ANNOUNGEMENT 

YOU'VE EVER READ 


Sel-Lok is Unbrako's latest contribution to industry. It’s a carbon steel slotted 
spring pin that’s at home in any kind of metal, in bakelite or hard rubber 
and fibres. The Sel-Lok is chamfered at both ends, to make driving easy. 
With a drill, a hammer and Sel-Lok, operators obtain a stress-proof, 
shock-absorbent fastening in half the time. 


You can double the strength of a Sel-Lok by driving a fresh pin through 
the first one. Though it makes a fine permanent fastening, a 


Sel-Lok is just the job for temporary make-ups, too. Just knock it 


out with a drift and it’s ready for use again. And vibration, impact 
and overload can't worry a Sel-Lok. 


This exciting Unbrako development will save you time, money — and worry 


from the moment you start using it. A ‘phone call, 
wire or letter to Unbrako will put you right in the picture 


Ss EE: 1 .- Tr. Ox 


THE “JUST DRILL AND DRIVE” FASTENER 
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i Clip this coupon to your company letter heading: SAMPLES 
| to UNBRAKO SOCKET SCREW COMPANY LTD. 

I Please send me a free sample packet of Sel-Lok pins. Impossible to mention 
1 all the advantages and 
1 applications of Sel-Lok 
' NAME on one page. Why not 

send for free samples 

i COMPANY E.D. J and our illustrated 


‘PHONE 89471. 
UNBRAKO SOCKET SCREW CO., LTD., (Sel-lok Division) COVENTRY 
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CABINET STYLE 
DISTRIBUTION BOARDS 


Widespread acceptance 
of surface mounting 
Fluvent Cabinet Sryle 
Boards has resulted in 
the production of 
Switches of similar 
exterior, intended 
principally for use as 
control switches mounted 
in conjunction with the 
boards. Both boards and 
switches have pressed 
steel cabinets which are 
cadmium plated and 
painted to give a grey 
metallic hammer finish. 





COME TO GRIPS 
Ll WITH BELT DRIVE 
rnaxtaseauow PROBLEMS 


reinforced by the 


production of boards for NYLON-CORE FLEXIBLE BELT 


recessed mounting, 


illustrated left. They are TRANSMITS POWER WITHOUT SLIP 


designed to allow the main 
body of the board to be — The Miraclo belt represents the 
sunk into a wall cavity of last word in modern belt trans- 


heed a mission. Chrome leather bonded 








are then made up to the to nylon gives extraordinary 
surrounding surface-plate flexibility, enormous grip and 
provided. strength. Yet it’s elastic. light in 
weight and has virtually no per- 

ENERGY manent stretch. The Miraclo belt 


is truly unique, and we would 
LIMITING FUSES welcome the opportunity of prov- 


. =P Oe ing this to you. 
Fluvent Cabinet Style 
Distribution Boards are fitted 


with Aeroflex Energy Limiting OE ae | er ee ene sel" } 
High Breaking Capacity a " seeaeites : yrs 
Rewireable Cartridge Fuses to FREE to Engineers ance é ' 


BS.88-1952 Cat. 440 AC5 
Class P. Standard fully wired 
cartridge fuse links are 
included unless otherwise 
specified, when appropriate 
underwirings can be fitted. 


Designers, asking for it on { 





business note headings. 
Parmiter Hope & Sugden Limited 
MANCHESTER, 12. 


TW STEPHENS 
ilacio 
London: 34 VICTORIA STREET, S.W.1. 


Glasgow: 5 SOMERSET PLACE, C.3. STEPHENS BELTING COMPANY LTD. 


Birmingham: 39/41 CARRS LANE, 4. Snow Hill, BIRMINGHAM, 4 


dm PHI30 Northern Area: Ira Stephens, Ashton-under-Lyne 
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HEENAN-"MARLEY 
DOUBLE FTO Ww 
AQUA TOWXE EF S 


nan-Marley Serves 6 Aquatower installed at Barclays Bank 


Cooling Plant, Benham & Sons Limit 


The wide range of HEENAN-MARLEY and HEENAN WATER COOLERS is of the most 
efficient design-for the continuous cooling and recirculation of the water required in 
any process in which heat must be removed by water. Applications include - industrial 
refrigeration plants; air compressors; diesel, gas and petrol engines; process machines, etc. 


HEENFN Ajusto -Spede 


Eractional EXorsepower Driwe 





For automatically ensuring MAXIMUM production in almost every industry we offer the 
widest range of Variable-speed Drives from Fractional Horse-Power upwards-the Heenan 


Ajusto-Spede and Dynaspede and the Heenatron-all giving 
VARIABLE SPEED FROM A.C. MAINS 


Volume 21, No. 10 














The ever-changing pattern of the 
industrial world places the 
greatest demand upon engineering 
resources. 

Heenan & Froude Ltd. have always 
been foremost in meeting the 
challenge, and today, enjoy an 
international reputation second to 


none. 
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BALING YFRESSES 


HEENAN & FROUDE LTD 
ENGINEERS 
WORCESTER: ENGLAND 




















(Because we like to thoroughly digest our customers’ problems !) 3 


We like to see a job well done. And we like to see our customers happy! 
Getting our teeth deeply embedded into our customer’s problems—no matter how specialized ‘ 
and individual—is the backbone of the MVC service! 


Over 30 years’ experience and ‘‘know-how”’ has been built-in to our range of over 100 automatic 
control valves. People control water with them, gas with them, oil with them, steam with them 
and a host of other industrial liquids and gases too. Mushrooms are grown with them, jam is 
made with them and ships’ cargoes are frozen with them! 


You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our full 
experience is at your disposal. Many times, what has first appeared to be impossible has been 
achieved. Why not write now for our new comprehensive catalogue No. 25 which contains full 
details of our complete range! 


The Magnetic Valve Company Ltd 


7 KENDALL PLACE : BAKER STREET - LONDON Wt. HUNTER 1801 
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a twin pumping set 
incorporating stand- 
by equipment 





| MOTORISED GEAR PUMPS 
VARLEY-FMC LIMITED 


(Subsidiary of Food Machinery and Chemical Corporation U.S.A.) P.4967 
FERRY LANE BRENTFORD MIDDLESEX Telephone: ISLEWORTH 3922 (6 lines) Telex No. 25371 Telegrams: Paracyclic Brentford Telex 





Sled 


T OCTOBER, 1960 Volume 21, No. 10 33 








CASTINGS LIMITED 


Makers of Malieable Castings 
for tamous firms 


Oo MCCORMICK 


TERRA T CREE 


FARMALL q 9 





MALLEABLE CASTINGS FOR THE NEW INTERNATIONAL HARVESTER TRACTORS 


The International Harvester Company of Great Britain 
Ltd. use our Blackheart and Pearlitic M.C.1I. castings for 
their renowned tractors and agricultural implements, and 
we are proud to list them among our satisfied customers. 


Our Blackheart castings remain tough and ductile at sub- 
zero temperatures, while our high grade Pearlitic castings 
are of exceptional strength and toughness. 


We also produce Weldable Malleable iron castings, which 
are of special interest to designers as they can be combined 
into composite fabrications with other materials. Jobbing 
and repetition Malleable castings up to 70 Ib. in weight are 
supplied to firms of renown in many industries. 


WHY NOT JOIN THESE FAMOUS FIRMS AND USE 
OUR CASTINGS? 





For full particulars write to: 


SELBORNE ST., WALSALL, STAFFS. Tel: Walsall 3118-9 
FOUNDED 1835. 


and at Lichfield Road, Brownhills, Staffs. 
Tel: Brownhills 2318. 


CASTINGS LIMITED 


134 THE ENGINEERS’ DIGEST 





C8A 















... for spur and spline shafts and cutting slots 
down to ‘014 wide in trick cylinders the... 








GEAR & SPLINE 
CUTTING MACHINE 






* POWERFUL 
DRIVE 


* EXTREMELY 
RIGID AND 
DURABLE 


* ACCURATE 
INDEXING 
MECHANISM 


RS 


Available in both Plain and Universal form, 
the latter having a swivelling cutter slide 
enabling spur or bevel gears to be cut and 
other angular work index milled. 


Capacities Plain Universal 


Max. diameter 36” 24 


Max stroke of cutter slide 8 43 
Max. Pitch, Cast Iron SD?. S07. 
, Steel 6D.P. 6D.P. 


=== /7D.,COVENTRY Foctored Division, Red Lane Works qb 


ADS549 
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IN THE 


WINN 


TRADITION : 










iA 





A new range of solid wedge gate valves com- 
bining the quality tradition of the more expensive 
types with the benefits of automatic production 
techniques. 


Suitable for Steam up to125 p.s.i. Water up to 200 p.s.i. 
Made from hard cast bronze of the WINN special 
formula. Sizes 4” to 2”. Delivery from stock. 


Full details on request. 


GRANVILLE STREET, 
CHARLES WINN & CO., LTD. 


BIRMINGHAM 1. 
Telephone: MIDian ines 
valve makers for 100 years a ea 


Telegrams: Winn, Birmingham 








steam trapping is our business..... 
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The MIL FLOAT TRAP is a worthy 
companion to the MIL range of 
Thermostatic Steam Traps. It has 
been designed especially to use on 
those applications where a rapid 
heat transfer rate is essential. 
Compact and robust in design, 
having generous discharge capacities 
it incorporates an_ indestructible 
bimetallic element ensuring that 
the valve is held in the fully open 
position when cold to vent air 
readily. 


For draining compressed air lines 
a specially adapted version of the 
MIL Float Trap is available. 


| J \ {| MIDLAND INDUSTRIES LTD. 


sisi HEATH TOWN WORKS, WOLVERHAMPTON 
/ Telephone: 23901 

London Office: 28 Victoria Street, S.W.1 

Glasgow Office: 69 St. Vincent Street, C.2 


STEAM 
TRAPS 
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D.C. MOTOR 
PROBLEMS ! 


E.P.E. turn D.C. problems 
into 0.6. motors*.... 
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Not long ago, many people thought 
it impossible to get D.C. motors 
quickly and at a reasonable price 
Some people still think so 


They don’t know about E.P.E. 


E.P.E. specialise in D.C. equip- 
ment, combining their many years 
experience in this field with a keen 
interest in new techniques. They 
can supply D.C. motors and 
generators of any enclosure 
quickly and at a reasonable price 


If you’ve a D.C. motor problem, 
why not bring it along to E.P.E ? 
If they haven’t a solution in stock, 
they'll be happy to make one for 


you 


ELECTRICAL POWER 
ENGINEERING CO. (B’ham) LTD. 
Bromford Lane, Birmingham 8 


"Phone : STEchford 2261 
"Grams: Torque ‘Phone Birmingham 
London Office 421, Grand Buildings, Trofalgar 
Square, W.C.2. ‘Phone: WHitehal! 5643 and 7963 
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Taking the measure of HARDNESS — 
The Vickers Portable 


Gear Hardness Tester 


The Vickers Portable Gear Hardness Tester has 
been specially developed to test large gears in 
places where they cannot be easily moved—in 
ships, power stations, etc. Incorporating all the 
features of the Pyramid Hardness Testing machine, 
its extreme portability makes it particularly useful 
for measuring gear hardness in the shops where 
the hardening processes are carried out. As with 
all the Vickers Hardness Testers, it is equipped 
with the Micrometer Ocular, used in conjunction 
with the Vickers Pyramid Diamond Indenter to 
give readings in the internationally recognised VPN. 





The Vickers Portable Hardness Tester ] Please send for a catalogue giving full details. 


specially developed for dealing with large com- = 
4 y , § -9 g Ss } 
he 4 f. = 
} 
| 


machines. 


The Vickers Pyramid Hardness Testing Machine | 
compact in size and comprehensive in service, it 

enables immediate and precise hardness testing to | 
be carried out at the place of production. 


ponents which cannot be tested by the standard 
VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 


13 City Road, London, E.C.1. Telephone: METropolitan 8877. 
Telegrams: Vicksbox, Ave., London. 
TGA CH62 












As quenching oil is used over a period of 
time, scale and fine metal oxide accumulates 
in the oil and carbon contamination arises 
from the contact with hot metal. The 
deteriorisation products give rise to gummy 
substances which ultimately affect the 
viscosity of the oil thus interfering with the 
rate of cooling and affecting the efficiency 

of the hardening process. Menrow Limited 
have developed equipment dealing with the 
deterioration of quenching oil, each plant 
being produced to suit the conditions 
prevailing. In addition, Menrow Limited 
manufacture a range of equipment for filtering 
cleaning fluids or cutting oils used in the 
processing and machining of metal products. 


MENROW 


MENROW LIMITED, 

FILTRATION DIVISION, 

1, SEKFORDE STREET, LONDON, E.C.1. 
Phone: Clerkenwell 891 | FO! 


FILTRATION 
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A new model? 
Jee IVI INS seIVLL LE ED 
















Take a sales curve and relate it to the shape 
of your new product. Perhaps dies comes into it. Dies that are precise 
though large. Dies with a fine finish. Dies soundly constructed for dependability 
under the stresses of modern mass production press work. Vickers 
design them, make them, prove them, give satisfaction with them. 


(All Dies by yeas 


FOR YOUR NEXT PROJECT... H i i | 
Vickers-Armstrongs (Engineers) Limited 

Talk over your requirements with 

Vickers at the planning stage DIE DEPARTMENT EISWICK WORKS NEWCASTLE UPON TYNE 4 PHONE NEWCASTLE 33101 


TGA EN4OB 


DI 
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he's got 
his head 
screwed on 
the right 
way! 


When it’s a question of bolts 
and nuts, the wise man will 
always choose Richards. 

In every capacity they have 
proved their indefatigable 
tenacity. Richards bolts and 


nuts, available as both black 











and bright, will stand up 
to any normal stress; where 
stresses are excessive, use 
the famous “Hi-Strain™ 
brand for the absolute 


maximum of safety. 








for any nutty problem 
call in 


RICHARDS 


manufacturers of nuts, bolts and 
fastenings for industry. 


CHARLES RICHARDS & SONS LTD. 
P.O. BOX No. 23 

DARLASTON - WEDNESBURY - SOUTH STAFFS. 

"Phone : James Bridge 3188 (8 lines) P.B.X. 

Wires : ‘Richards’ Darlaston. 











to 
indicate, 
record or 
control 
temperature 





Distant Reading 
Thermometer 
Mercury-in-Steel 


ototherm 


INSTRUMENTS 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 


THE BRITISH ROTOTHERMCO.LTD 
Merton Abbey, London, S.W.19. Phone: LiBerty 7661 


|GEAR PUMPS 


use 





























You make the wisest choice when you decide 
on a GEAR PUMP by Rotherhams the name 
is your guarantee of the built-in qualities you 
must have for the efficient year-in, year-out 


dependability that spells trouble-free performance. 


Full information on Rotherham products, including the 
following, are yours for the asking. 

Time Lags, Instruments, Recording Clocks, Process 
Timers, Pressure Gauge Movements, Small parts for 
Engineering, such as Taps, Oil and Grease Cups, Oil 
Indicators. Unions, Nipples and Olives 


Rotherham & Sons Ltd., Coventry 


Telephone: 28292 
PRECISION MANUFACTURERS SINCE 1750 
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That 
high speed 
feeling 


KERAUNOS High Speed 


hia, 








Steel Hacksaw Blades offer 
exceptional wear-resistance 

in cutting hard and tough 
materials such as Nickel- 
Chrome Steels, Stainless Steels, 


Tool and Gauge Steels 


Hacksaw Blades. 


Write for your copy of our 
new helpful booklet ‘* What 
you should know about 
Hacksaw Blades ”’ 

and see how you can effectively 
improve production and 
reduce machining costs 

by using KERAUNOS High 
Speed and PAX Low 

Tungsten Hacksaw 

Blades 


SANDERSON BROTHERS AND NEWBOULD LIMITED 
Attercliffe Steelworks, P.O. Box 6, Newhall Road, Sheffield 9 
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A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL 


. » » With universal fixing 


centres 





For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 

* = CORE: Wound from acontinuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 

* INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 

* WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde 
resin type, giving good space factor, exceptionally high 
abrasion resistance and prolonged heating resistance. 

* FRAME: Of die cast aluminium, incorporating long spindle 
bearings and mounting feet to ensure accuracy and rigidity 
of the mechanism in relation to the fixing holes. 

* BRUSHES: The brushes are of a special carbon for its 
contact resistance characteristics, shaped to_give minimum 
loss, maximum strength and longest life. 
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Write for list 615A 
giving full technical 
details of this and other 
models in the Rotary 
Regavolt range. 





ERCO 





THE BRITISH ELECTRIC RESISTANCE CO. LTD., 
QUEENSWAY, MIDDLESEX 
Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 
Specialists in the control of current and voltage for more than 25 years 








BRI341-BXH 








Our representative will gladly call to give 
technical advice on particular applications. 
For full details please write to: 


ARTHUR LYON & CO. (ENGINEERS) LTD. 
6 Carlos Place, Grosvenor Square, London, W.1 
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Alcon 


introduces the new 


Thames 
range of centrifugal 


Pumps 


Outputs up to 500 gallons per 
minute 
This is a sister 
range to the famous 
Alcon Self-priming 
Centrifugal Pumps 


NEWAGE 





The symbol of the Newage 
Group is the hall-mark of 
first-class engineering 
Stamford alternators 
ALCON self priming pumps 
Works 
Park Works, Stamford, Lincs. 


Telephone : Stamford 2552 (9 lines) 
Telegrams : ‘‘Arleoco’’, Stamford 
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A single strainer of the type we supply to the C.E.G.B. 
handles five million gallons of water an hour—enough 
tomaintain quite a spectacular waterfall. At Aberthaw 
Power Station there are six such units with a total 
capacity of 30,000,000 g.p.h. straining the condenser 


cooling water. 








Richardsons Westgarth fotary strainers are made ina 
range of sizes from 160,000 g.p.h. to 5,000,000 g.p.h., they 
are self cleaning, operate continuously, and the accu- 
mulated sludge is blown out at intervals without 
interrupting the flow. 


Please write for illustrated brochure. 


RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 


A member of the RICHARDSONS WESTGARTH GROUP 


HARTLEPOOL, CO. DURHAM AND AT 58 VICTORIA STREET, LONDON, 8.W.1. 


59 MOSLEY STREET. MANCHESTER, 75 BUCHANAN STREET, GLASGOW 
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a light to guide the designer who seeks 


af more efficient ways of making cylindrical products 








to close tolerances. In these precision hollow 


extrusions, the integral ends, with their wide 





ney Pia a possibilities for internal and external forms, obviate 


costly machining and assembly 3 


4 4, [eo] Bo} 





A leaflet No. H.E.15 explaining Reynolds Hollow Extrusions more fully 





will be sent on request, or our technical staff will be pleased to advise you 


REYNOLDS TUBE CO. LTD. * TYSELEY ~- BIRMINGHAM 11 E9 












Long life vs 
SINTERING Ji nooo 
FURNACES . —— _ up to 







Royce Molybdenum wound tube 
furnaces are simple units for 
producing sintered metals including 
tungsten carbide, and for bright 
heat treatment of special steels. The 
furnace tube is wound by a special 
method giving long life. Heavy 
section Molybdenum is used for 
temperatures up to 1750°C. The 
furnaces can also be supplied wound 
with Platinum for 1550° C, with 
Kanthal for 1200° C, and Nickel 
Chrome for 1000° C. Tube sizes 
range from 1” to 5” inside diam. 


For full details write for publication RF. 5 
ROYCE ELECTRIC FURNACES LTD 
Albert Drive, Sheerwater, Woking, Surrey 


NRP/RF 307 
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~ NICKEL ALLOY STEELS 














ensure reliability 
in liquid springs 


Weight saving is essential in aircraft designs, and in choosing the 


steels for their retractable undercarriages, the Dowty group at 
Cheltenham turned to well-tried steels based on_ nickel, 
chromium and molybdenum, which offer attractive strength 
weight ratios. 

These steels, which are covered by S95, S97 and Sgg aircraft 
specifications (industrial near-equivalents are En24, En25 and 
En26 respectively), have high tensile values which permit 
dimensions, notably cylinder wall thickness, to be reduced to a 
minimum. Ductility measured in percentage elongation, remains 
adequate. 

TYPICAL MECHANICAL PROPERTIES OF 


ARE GIVEN 
BELOW: 








SIZE HEAT TREATMENT Yield ; Maximum | Elongation Izod 
_— Stress t.s.i.| Stress t.s.i.| per cent ft. Ib. 











4” sq. Oil quenched 830 C. 64 69 20 52 
tempered 650 C. 





By utilising the better properties obtainable in 


2” dia. | Oil quenched 830°C. 60 70 20 53 more highly alloyed nickel alloy steels, dimensions 

5 : can be reduced, lighter constructions produced, 

6” sq. Oil quenched 830 C. 62 7 18 39 distortion through heat treatment minimised and 
tempered 590 C. reliability and economy achieved. 


























Please send for our publications entitled,‘The Mechanical Properties of Nickel Alloy 
Stee/s’ and ‘The Case Hardening of Nickel Alloy Steels’ 


MOND NICKEL 


>. THE MONO NICKEL CO.LTD. THAMES HOUSE, MILLBANK, LONDON, SW1 





TGA 21 /a/ta 
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For all precision tool 


grinding operations, wet 


or dry, ask us for details 
of 


THE UNIVERSAL 
TOOL GRINDER 


THREAD-MILLING CUTTERS © HIGH-SPEED. |f 9 STEEL TOOLS 


7) 
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> developed by 
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al tool designers 
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30 rue RAMUS, PARIS, 20. ROQ@ 70-14 
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sem = Mahers of Ane 
— Qualily Precision 
Sn ungs Pressuicth 

for over a €enlury 


BROADBENT& CO. (rocupate)LTD 


Ghove Suring Wovkd, WINCOLN STREET. 
ROCHDALE Lancs. Ahone:-Rochdale4oz8-9 








, identical onto 
mess vibration 





H. BRAMMER & CO. LTD. 


HUDSON ROAD : Lte0s 9 
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PRESSINGS 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components 
can be produced to your own specifica- 
tion and design, and supplied in painted, 
plated or enamelled finishes. 


DARLASTON - 


WARD 


(METAL DETAILS) LTD. 


STAFFS 











ENGINEERING 
ACHIEVEMENT 
ON MERSEYSIDE 


The Birkenhead entrance to the 
famous Mersey Tunnel is only 
a few yards from AABACAS... 
makers of world renowned 
All-British Cranes and Hoists 





Send now for 


new Aabacas Catalogue to: 
TECHNICAL MANAGER 


AABACAS 


ENGINEERING CO., LTD. 


Head Office & Works: GRANGE ROAD, BIRKENHEAD 
Telephone: BIRKENHEAD 4747/8/9 


London Office: St. Martin’s House, 29 Ludgate Hill, E.C.4 
Tel. City 7831/2 


Technical Representatives throughout Great Britain 


THE ENGINEERS’ DIGEST 























Te 


PA 

















ww 





Temperature insensitive. 
Consistent under the most 
exacting conditions. 


Quote your problem for technical advice 





LTD. 
PARK LANE, FALLINGS PARK, WOLVERHAMPTON 


TELEPHONE: WOLVERHAMPTON 31295 
London Office: 22, Headfort Place, S.W.1 Telephone: BELgravia 6146/7 /8 
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CHESTERFIELD 


FIRST 
WITH 
BERYLLIUM 
TUBES 





NOW 


FIRST 
WITH 
FINNED 
BERYLLIUM 
TUBES 






® 
FIRST 


wm BERYLLIUM "s 
CHESTERFIELD 
Tuee co ito 
ENGLAND 


THE CHESTERFIELD TUBE COMPANY LIMITED CHESTERFIELD 


This is 0.295’B with 

wall thickness of 0.040” 
It has 18 radial fins 
0.040” wide x 0.060” high. 


A MEMBER OF THE GROUP 
CRC 69 
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GAS FLOW ~ |) on 
Pane Cu. ft. Hr. | 
i Coal Gas @ 
INDICATORS oe 
7 80 
Direct Reading, variable aperture 3 60 
type, from 0 to 150 Ib. sq. inch. ; a 
For all types of gases: can be calibrated : 
to customers’ requirements. Brass 3 230 | 
body, stoved black crinkle finish. 420 
Cast Iron Body for Corrosive Gases. ; 650 
Scale Plate in black crinkle, chrome nd 
. 1 
or polished brass. 2 900 
All Unions, etc., chrome plated. 1600 
Stainless Steel Float, in clear glass tube. 4 2500 





Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
(6) Maximum and Minimum 
Rates of Flow. 
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Est. 1895 


HERMETIC pyperr co.To 


* . ° . Telephone: East 3638/9 
“Hermetic” Works, Priory Rd., Birmingham 6 Grams: Hermetic, Birmingham 
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DID YOU KNOW 
that we specialise in 
HARD CHROMIUM 
on piston rods ? 


Note carefully these Special Fectures 
of our Service 












xx Special Centreless Polishing 
Techniques for Preparation 
and Finishing of Rods. 

* Controlled Deposits from 
.0002” —.0015”. 

x Any Length from 1”--10’. 
* Full Co-operation with Customers’ 
Production. 

%* Quality Work at Competitive Prices. 
Can you afford NOT to see samples of 
our Work? (if necessary our very high 
Finish is prepared from ordinary Selected 
Drawn Stock). Why not write or tele- 
phone today? 


ATLAS PLATING WORKS LTD 


Avenue Road, Acton, London, W.3 
Telephone : ACOrn 1102-3-4 








DRAFTING MACHINES 
& DRAWING TABLES 


Isis Drafting Machines are 
now fitted with improved 
Protractor Heads. The 
special features are fully 
explained in our ISIS folder 
which will be gladly sent on 
request. The ISIS Drawing 
Tables are in complete 
balance at any height or 
inclination of the board. 


We are distributors of ARISTO 


slide rules of precision 


Dire S “a 
RIEFLER) Illustration shows ISIS drawing table fitted 


with ISIS drafting machine 
Drawing Instruments of quality 


Telegrams: 
‘ISIS’ COVENTRY 
Telephone: 
Coventry 26941/2 











DRAWING OFFICE SUPPLIES AND EQUIPMENT 


36 & 41 QUEENS ROAD, COVENTRY 
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9d each 


8/6 per dozen 
EAGLE PENCIL COMPANY, 





URQUOISE 


Get perfect ‘originals’ and 
first-class prints with TUR- 
QUOISE pencils. Extra- 
smooth TURQUOISE 
pencils actually ease your 
work! TURQUOISE lead 
lasts longer for every sharp- 
ening. Holds a_ needle 
point under great pressure. 
It’s made from 100% elec- 
tronic graphite to give 
denser, more opaque lines 
for cleaner, sharper repro- 
ductions. Lines rub out 
without a trace if required. 
No omissions, no fade-outs, 
no ‘ghost’ lines on your 
prints! 17 precise gradings 
from 9H to 6B. 

ALSO AVAILABLE! 
Turquoise drawing 
leads 2B to 6H 


pencils 


ASHLEY ROAD, TOTTENHAM, N.17 
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% Control torque application automatically 

% Make overloading impossible 

% Do not depend on the vision, care or skill 
of the operator for their accuracy 

% Are unaffected by side loads 

% Give precision results with unskilled labour 

% Retain their accuracy for long periods of 
continuous use without attention 





CORY BROTHERS ‘ c0 | LTD 


CORYS’ BUILDINGS - CARDIFF - Telephone: Cardiff 31141 


When ‘near enough’ 
is not good enough... 





Sixteen models 








provide for loads up 
to 850 Ibs/ft 

Also Hydraulic Torque 
Generators for loads 
up to 3,000 Ibs/ft 




































L3 TEST RIG 
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WATER THINNED STOVED COATINGS 


Based on RESYDROL Resin made by Holdens* 
Thin with water. 
Hot Spray, Cold Spray or Dip. 
For Application to Ferrous and Non-Ferrous Metals. 
Optimum Corrosion Resistant Properties. 


No Fire Hazards 


Ask us for full technical details 





A brand new 
HOLDEN 


development 











ARTHUR HOLDEN & SONS LTD 


BORDESLEY GREEN ROAD 
Telephone: ViCtoria 2761 


BIRMINGHAM 9 
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ZEISS 


ANGLE DIVISION TESTER 


This new circular division tester can be 
employed as follows: 
(a) Setting the angles for the machining of 


indexing plates, circular notched discs, gear 
wheels, worm wheels (made according to the 
individual indexing method) and all methods 
for dividing large circles. 

(b) Inspecting dividing heads, circular machine 
tables, gear wheels, circular notched discs, 
polygons, etc. 


Please write for 
details to: 
































SPECIAL FEATURES 


* Extremely high accuracy. 
* Scale reads to 1 sec. 
*Measuring range of dividing circle 


0-360". 


C.Z. SCIENTIFIC INSTRUMENTS LTD., 122 Golden Sq., London, W.1. 


Tel. GER 4488 











16” dia. Table 


Indexing up to 60 different angles by positioning a pointer 
in a slot. Accuracy of repetition | 0.000075” at 20” P.C.D 
(N.P.L. figs. available). 
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CENTEC Index Tables... 


increased production by 


low cost 
automation 


16” dia. table 
used for > 


Automatic drilling of 7 
holes in lock barrels with 
i” centre distance at a 
production of 7 seconds 
each 


-¥ 





8" dia. table used for 


impact swaging for assembly of switch body 
By courtesy of Arco Electric Ltd 


CENTEC MACHINE TOOLS LTD., 





8” dia. Index Table 


5 different divisions obtained 
by Push Button Control! 


Write for illus- 
trated Catalogue 


Tel 
Boxmoor 584-5-6 


Hemel Hempstead, Herts. 
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HARD 


Anodising 


of 
PNT iilitiis 


Tuis simple test on an aluminium piston treated with 
Alumilite HARD Anodis ng demonstrates the exceptional 
resistance to abrasion achieved by this unique process. 

Alumilite HARD Anodising opens up new fields for the 
use of aluminium where previously harder metals only could 
be used. For moving parts such as bearings, pistons, cams, 
bobbins, generator brush boxes, sliding door runners, arti- 
ficial knee-joints, etc., this process has proved entirely 
satisfactory. 

There may be many unsuspected applications where 
Alumilite HARD Anodising can save you machinery and 
material costs. Send us details of your production and we 


will gladly advise you. 


Technical Data Sheets available on request. 


ALUMILITE & ALZAK 


LIMITED 


PRIORY WORKS, DEPT. N, STATION RD., LONDON, S.W.19 
Telephone: LiBerty 7641 


MIDLANDS: 20 21 MERIDEN STREET, BIRMINGHAM, 5 
Telephone: MIDLAND 7426 
MAL LAL, ALENT ET TI REN SS 
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RENOLD Sprag Glutches 





for *BACKSTOPPING 


as illustrated on this conveyer headstock drive 


*A shaft in conjunction with one 
race can rotate freely in one 
direction but is prevented from 
reversing; there is no measurable 
reverse backlash 


Write for catalogue giving 
details of our comprehensive 


range of over 70 standard 2A) RENOLD CHAINS LIMITED 
sizes for backstopping, in- SPRAG CLUTCH UNIT 
dexing and silent over- 50, CATHEDRAL ROAD 
running with low drag. oy CARDIFF 





ARMSTRONG STEVENS 


& SON LTD. 
WHITTALL STREET: BIRMINGHAM -: 4 
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JONES @ SHIPMGNW PRODUCTION GRINDING MACHINES 


HEAVY DUTY AUTOMATIC 


with toolroom accuracy 





ae tyatton- 
~ked to 4 single but 





A. A. JONES & SHIPMAN LTD., 
LEICESTER. Telephone : 823222 
a a, eee 50/52 Great Peter Street, S.W.1 
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ATULIBN -STOECKICHT He 


Agenc 
Acru El 
A.E.1.-Bi 


EPICYCLIC GEARING [Ee 


for INDUSTRIAL and MARINE applications 


Please address all enquiries 
for gearing to 
W. H. ALLEN SONS & CO. LTD., 
ATLAS WORKS, PERSHORE, 
Worcestershire. 


The most compact speed-reducing or speed-increasing arrange- 
ment for all types of prime movers and/or driven machinery 


W.H.ALLEN SONS & C2 [* 
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Johnso 
Grar 


Survey on Diecasting | ae 


Agen 


Kayser 
Ager 
Keelay 
Our issue of “The Engineers’ Digest” for December 1960 will contain a comprehensive survey on Age 
. . . ° r ° . Kenda 
Diecasting, the 8th in our series of Technical Surveys. Ager 
Apart from being bound into our December issue, this survey will also be available as a separate Kenily 
' 


reprint, at a cost of 3, 6 ($0.50) per copy. Age 
ie é : er ; Kling 
An indication of the scope and extent of this Survey is given in the following synopsis. 


Lancas 

Age 

Lang | 

Age 

Advantages and Limitations of the Diecasting Uses of Diecastings in Industry = 
xs Lewis 

Process Automotive components Age 

Lewis 
Age 

Dimensional precision, dimensional invariance Power tools and machinery a 
Unparalleled complexity of form Office appliances and instruments “— 
Structural strength Electrical equipment re 
~ . . fe) 4 

Good surface finish Vending machines Ag 
- . Lome 

Economy of metal Ag 


The shortest distance from metal to finished parts Domestic appliances 


Diecasting in Product Design Ag 
Properties of the Diecastable Metals Designing for ease of production Magr 


ALUMINIUM ALLOYS: Applications—Largest Minimizing machining by good design = 


cae : Reducing assembly costs Meni 
components—Automotive applications—Range of ‘ 


bas Economical finishing 
surface finishes g Merc 


Standard tolerances 
ZINC-BASE ALLOYS: Economical to diecast Mier 
Applications—Finishes—Complexity of parts Ag 


including thin sections Buying Quality in Diecastings Ag 


MAGNESIUM ALLOYS: Lightest—Good stability Choosing a diecaster — 
Automotive applications—Textile machinery—Alloys Consultation at the design stage Mot 
for hot service Choice of alloy: certification schemes Mon 
TIN & LEAD ALLOYS: High dimensional accuracy Quality standards, general and individua "7 
Low strength—Long die life—Freedom from toxicity Etactnapined Ciecastings; new standards Mor 
Screening properties A 


COPPER-BASE ALLOYS: Strongest—Most difficult Diecasting Machines and Diecasting Plant Nas 
and expensive to diecast—Short die life ; 7 

Tied and jobbing plants—Capitalization of a diecasting 
FERROUS ALLOYS: Still experimental—Progress in division—Machines— Metal stocks—Die write-off Nev 
U.S. and Russia—Simple parts only—Die evacuation 


essential 
The Future of Diecasting Nes 

' es M . New techniques—Vacuum  diecasting and sonic | 
Competitive Materials and Processes irradiation—Horizontal and vertical machines Nu. 
Sand and precision casting—Gravity casting—Forging Automatic handling and processing—Prospects of new 
and stamping—Powder pressing— Metallic versus non- alloys—Low-pressure diecasting methods—Possible \ 
metallic materials—Injection moulding lines of diversification A 
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In 1959 we published a series of three advertisements 




















giving details of our services in connection with the 
Sunbeam Shavemaster. The fact that we can now give 
details of the Sunbeam Rollmaster Electric Shaver 
speaks for itself. It is interesting to note that shavers GOC 
assembled from mouldings produced—and tooled 

by us, are now being sold on the other side of the 


Atlantic. 


The new Sunbeam Rollmaster Electric Shaver is a First. 


superlative shaving instrument and_ incorporates 





mouldings in a wide variety of plastics. In fact the 


twenty-two mouldings involved required five different 


A. Coil Bobbin. Nylon A100" materials, each selected to do a specific job. When 
B. Bearing Arm. Nylon A100M ; 
C. Terminal Plate. Bakelite X20/5 HD quantity production to precise limits is required, and, 


D. Voltage Selector Knob. Nylon A100M 


particularly, when flawless surface finish is essential, 
E. Starter Wheel. ‘Welvic’ P.V.C. Medium Hard 





F. Retaining Plate. Nylon A100M we have the plant, resources and technical ‘know-how’ 
G. Voltage Identification Plate. Melamine M4910 to ensure complete satisfaction. May we quote for 
The body is moulded from Melamine M4910 and the p 
Head Guard (not shown) from Styrene Acrynitrile your next job ? 


Sunbeam choose [=4 STi a8C 


THE PLASTIC MOULDERS 
WITH THE ENGINEERING BACKGROUND 








315 SUMMER LANE -: BIRMINGHAM 19 -_ Telephone: ASTon Cross 1156 (4 lines) L 





160 THE ENGINEERS’ DIGEST 









| CONSULT 


| 
| the experienced 
|multi-drilling specialists 


| Slack & Parr manufacture the largest range of multi-heads for standard 

| drilling machines and unit heads. Whether your problem is drilling two 

| holes or fifty holes, there is an S.P.K. head available for either small 
batch production or long runs. S.P.K. equipment can be supplied 
complete with jigs ready to start immediate production. 


The capital outlay is quickly recovered due to increased production. 
All S.P.K. multi-drilling equipment is built from standard off-the-shelf 
components developed from practical experience. For low cost and 
proved performance, you cannot better S.P.K. equipment for all your 
multi-drilling. 


Tell us your production problems—they may not be problems to us. 


SLACK & PARR LIMITED 


' KEGWORTH '. Nr. DERBY 
Telephone: Kegworth 306 








| GOOD Machine Tools 
need 
‘irst-Class Bowl Feeders 






















Photograph by courtesy of 
Arthur Scrivener Ltd., Birmingham. 


PODMORES, of course!, 


4 





Photograph by courtesy of B.S.A. Machine Tools Ltd., Birmingham. 





Manufacturers of machine tools who are asked to Similarly, manufacturers of small machined parts who 

, Supply feeding equipment can be certain of con- are faced with feeding problems cannot do better 
ee high standards of design and performance than ask Podmores to design the most suitable units. 
) 


en they choose Podmores. 


(oo) lo 1 ES Fully descriptive literature on application. 


LNEERST LTO HANLEY - STOKE-ON-TRENT. Tel: Stoke-on-Trent 23257-8 





























/ 5M/ Maximum swing 
——/ 7%". Swing over 
cross slides 63". Independent 
motors for spindle drive 
and rapid motion to turret 
and cross slides. Wide 
range of speeds with three 
automatic changes. Suitable 
for small batch work. 


Air chucking 





(from the range of 


6 
Maxine swing L : additional equipment) ) 


123". Swing over f ) increases their efficiency. 
cross slides 103". Wide fee The 95 machine 
range of speeds and feeds. a pa phe : can be supplied for 
Three automatic speed a 

changes. Headstock wT @ . ' . 
adjustable 4” longitudinally. <* Bee ts anor. 
FIVE face turret ; ee , 

adjustable 2” along the bed. 


< 
fully electrical 4 





Maximum swing 723 


Maximum swing over cross slides 63 : / BSA TOOLS LTD 


Cross slides stroke 23 


Cutting travel of turret 43 / BIRMINGHAM 33 


Number and range of spindle speeds 21 FORWARD 
14 REVERSE 40 to 834 r.p.m. or ENG LAND. 


58 to 1458 r.p.m. 60 to 1220 r.p.m. Cables: MADRICUT - BIRM 
Horse power of main motor 44 40 
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